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ABSTRACT

Low-density parity-check (LDPC) code is an error correcting code with near
Shannon limit capability. In seneral, designing of LDPC code can be divided into two
categories: As a result the designed parity-check matrix can be either a random one
or a structured one. Both categories can be further divided into several
sub-categories. However, all those sub-categories have focused on the feature of
as many as possible errors correcting. This thesis proposed a method of parity-check
matrix design for LDPC with quasi-cyclic structure (quasi-eyclic LDPC code). The
design emphasized on the parity-check matrix that can offer good large girth since
the performance of LDPC codes can be increased when the girth is larger. In this
method, the size of circulant matrix is a prime number. Elements of the mother
matrix are member of such a prime number field. The column weigh is set to 3.
From the mother matrix, some sub-matrices are selected and concatenated to form
a new parity-check matrix for any code rate. With this proposed method, parity-check
matrix can offer the girth of 6, 8, 10 and 12. The performance of the resulted code is
better than that of the Tanner’s designs. At the code rate of 0.4 and 0.5, and 20

iteration runs, the gain of 1dB, at the BER of 1{)75 can be achieved.
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- edevANTTaUESHaReaRTE UV ngnTIade U SAR s anuuUMelF T UL
fygrasunmumddey

- WSsuiisuausTous IaLeaR g oonLUUAUIENsoRnwUUELY

- ajuagdnnsalnaile



Weniinusatulivseneudmeunsne 9 5 un unil 1 Aeunthldnanisrnuddy

@/ L3 a

waginguseasAvesineinusatull uni 2 nandsiuguademans, ssuvdearsilasiy
d’l’ 7] @ = i = ar o Y =2 1% ac ]
wavugusiauien unil 3 nanitavausanndlaaituiclaswainuayisnmseaniuusiing 9
Usznaume siaensd, siaendisduuuiuuy, swanielelenda, sWasanadngade,
siasnAdlaganinaty, saudenldauysaiuuudung wavdana3Auiisd niounwiieg
1BN15BNLUY haznaltenIsinsiawazaansiawuuluuns unil 4 nanasisnseaniuy

1 o s 1

syaueanndine llafissvualngniaufmeg1ani1seanuLLasNanIsuagaullSsuLiisy

[

s

‘ﬁ%mmamwuﬁlﬁﬁqLauaﬁ'ﬂuﬁj%msaammuﬁuqﬁlﬁﬂﬁnlﬂuwﬁ' 3 lnsviadouuy
Yosdyanaumdidsuishnsiadeing g lumsmagevasiuieudieulnsaisiisoniuug
azuuuiiAssiindy 6 uaglaseadrefiadraisslfuannds 6 Wisuiouaussoussu
Tnseareiiiausluineinusi wasungae fo unil 5 Hunsagunanisiseuas

UYDLAUDLUY



uni 2

o &
NHEHNUTIU

Tuunilagnanisadnmaniidrdulunslululélunisesnuuusiaudloteya
Rewanauaziugwvesiauiien nsidhsiauazaensia uazlassadsiugiuvessiaudondi

Iy Fmgufiugruimmeluuniazduiugulunsesnuuusiaueadidluundaly

= 3 o
2.1 wanazanlaAansvasauavluui
\wn Ae Adnaansilduseniisnguuesdsine g uazilienanfingulauiuouings
Toeglungu Adlaldoglungy sethwwesen X = {x,x,,x,x,, x,} neilosdusznaufe
4 = o < g ° o @
X, %, %,%,,% waglieade S uassiavluws S Aeesdusznevveaariinuiiie
=l 4 o w % % = A o a 2 o @
13eNINERINe (Finite set) wialanansaszydmwavanntinluwale Inowndiinayldly
VOureIniamuANANAEANaIn SUuBIAUIENeuvauYR S Sundn | S| dyanualuas

o o = o

ANUNLBVR LB NANAY AT

@ Foninening fio fe wadilifaundnae

XUy Gendgidlouensn X uasy Aeluaiiusznaufemninuenen X wie
¥ viavisandin

X AY Genindunesionturnes X way ¥ Aoweviusznoumeaindnus e
X ez ¥

X\Y Goniwadaveisnuaaes X way ¥ Aowaiilsznausisduningauen X
wilthBuandnveasn ¥

atlamanivesiualuns fe adamanindauauifnisuinaugasnsfmensue
alame 2 lnedlduavlunsldnuies 2 a1 Ao 0 wez 1 Fuludiavildlussuuddvavie
lguEes lagnsuinuasaunsyiuniliounsldiandagiess (XOR) drunisgaueznis

wsagldwnuny (Polynomial)

2.2 n3Udna
njUdrin (Finite Groups) fie nguluadinmansveuadindueniiusenouse

8auun (Elements) vi3adauiand (Objects) nquAedoulandnendinanansiianunsnazuan

2/
=l w oA

wazauiile lneruaudfiveanguiiaat



* dhulaegu (Closure) dwsu a use bflegluen c=ax*b fazaglunde

. nmﬂé‘lauw;j (Associativity) #1%5U a,b Uay ¢ ﬁaaﬂumﬂ a*(bxc)=(a*b)*c

- lendnual (dentity) o e 1dudBundiondnuel axe=exa=a

" dunndu (Inverse) e a Wudawusluen a:iidduuduniures a
a*qa'=a'*a=e

2.3 29930
waedrin (Finite Rings) Aodaulaninnadineansiianunsauin au uavaeriuld

£
= oA

lneAnaNURveIRBIRA

* R Lﬂu@ﬂﬁaum%ﬂ (Abelian group) Mmaldnisuan (+)
* dwlangu (Closure) § sy a uay biegluwn R Maes c=a*b favayly
LAY
. ngmimé"awyj (Associativity law) @1%3U a, b uag ¢ ﬁagﬂuwm
a*(bxc)=(a*b)*c
" AgNskanas (Distributive taw)
- alb+c)=ab+ac
- (b+e)a=ba+ca
Twsdediinawnsonualaidu 2 wuushedu fis sdelevdmaufiuwazadenyun

2.3.1 29801293 1UIUAY
aDLaIILIULAN (Integer Ring) fia LwAYOITILIUML (F1UUUIN SIUIUAY uae

Aud) ilnnandfaiunisnszvivenidsde nsuinuaznisau nglddymdnval z

g

* lundde Z Swhudn s wsasidednnudy #eeld s=ar e a A
B aunils

* Twnede Z iy p enunsamsasiigaulewmse +1 wendiuiy
p H?U’i'ﬁf'm’mﬂgm (Prime integer)

= dunwdy Ahldduaulsy fesSenisunulseneu (Composite)

" fssuann  (Greatest Common Divisor, GCD) W848 u7uUMGL 2 99u9u
GCD(r,s) AR unuiuiiidunniigafiannsoms r uaz s ldash

" fuvutes (Least Common Multiplier, LCM) vasdnudiy 2 §hudu
LCM(r,s)ﬁaﬁwmmﬁuﬁﬁmﬁaaﬁqmﬁﬁ’q r uay s wsswauiu Idash

© esuawdy r uay s forndudunuusuduiug (Relative prime) iile
GCD(r,s) =1

* Uniudlunguragauuesmsueglaavinnudiy p azlidunisms wiethslsfinng
flaylaunsmsvasiey



2.3.2 oWy
258anyum (Polynomial Ring) dwisudmiaufiuuin ¢ wuwuuaw GF(q)
= a &y
annsalsulalagaunsadinmansae
fx)=a,x""+a,,

= g < a
Tneiidanlszdns a,.,a,,,.....nay,a,a, \Dusndnly GF(g)

et a X Fax+a,

* wyuwweiln (Monic polynomial) fifewyumd £, , =1 uaswyusaeswyuy
wihudledulsedns o, veauraznyuiiwihiudmiunn 4 dwes i

* ansvemnun (1469 deg f(x)) Ade n-1

* wavewwnly GF(g) annsaiasdetuifuasdeldmn nmsanuaznisuaniiy
Uguuineiunwjuiiund Inelt GF(g) uwiiisdovremmuiy

" MIVINTUVBIASINVWIL. (%) wag g(x) vilnlewmvunalnl &

=

F)+g@) = (f +g)x" lneiinniguanvamadninzwiiufniveansuny
1
Ll
T NISAUNUYBIERIWLIN. f(x) aY g(x) vilulawnumailnl deinlane

j=c0 i ,
f(x)-g(x) =Z(Zﬁ -g,.}r’ lngnnngeanvassaanviaziniuinivosaes
i=0

j=0
WYWMLFALUINAY
© awevemuniilaediguaniiiuesssanuidevassinui

]

2.4 Wanang
Aana1nm (Finite Fields) fo naNvasdfuFNInM s mualolUasLsTuTENINg

(3

fAUA 2wy fis MIuIn (MFemsay) bar A1 (Wiennams)  lumdadilan

=

Tnenddilad (Galois Field) fin wniilis uuaundniafnuasdiguayifivesanuduitas
Tnelddadnual GF(g) umMladfiisusuwintu ¢ Mddfladuuvieiianfio GF(2") e
m fowmvdnwnudiula 9 uazsdle m>1 szFeniuiiadsusuas (high order field) e
ﬁ’umzﬁwémaqu:mmmﬁuamﬁﬂ‘uaamﬁﬂ g-1 f Aa {0,1,2,..,q9 -1} nsfilowasisdu
mswnuasmMspailukuuiavgiuaes lu GF(g) mamuinvesndidfiladldnisuinnsung

WaEMIAUNIUIY Bensevinlassil

2.4.1 MSUINNWAUY
MIUINNIUIN (Addition of Polynomial) Ae msthdulsednsues wiywmidlen
pnindeiviiusnuindy Taemsuinazuanuuuy XOR  lumvgiueaes  (ddyydnwal®)

namAsAdUsEAvEIvhfuuInfusnluaud detadu



W a(x)=1+x+x* Uas b(x)=1+x+x> +x° +x*

a(x)+b(x) =(1+x+x2)+(l+x+x2+x3+x4)
=(l@eD+1@Dx+(1®Dx* +(0®Dx* + (0D )x*

4
=x+x

2.4.2 MIAUNRUIY

MIgaNuIY (Multiplication  of  Polynomial) Tumddianmilounisnauay

Inuduusiazegluguresmddiiad uazldnsuanmmuususelunmssnm ey

W a(x)=1+x+x* wag b(x)=1+x" Toeldwmunusadu 1+ X+ X*

PNl x* =1+ x

a(x)+b(x) =0+ x+x)x(1+x)

= (Mx+ 2+ (V£ 541 2°)

=(l+x+x)+ (X + 1+ +(x+x%))

=(1®)+(1@18)x+(1@1)x* + (0@ )

=x+x

UBNMALERNNITUINTLINUAL AN UG

TINIATNALINSINISUINLAYNSAR

Tonananwnsadunlaagi

Tunsadrmisnuanuasnsisqavililaens

MuuanuNildiaeivunmnnees fReg1utums i 2.1 Lanwnegsree 9 18q

GF(2*) Taelmyunmady 1+ X+ X°

15197 2.1 fnsing ) vea GF(2%) Tmeldmuunndary 1+ X+X°

l a' YU NNROSYIBIaUgIEDY BUFIURUA
—00 0 000 0
0 : 100 1
1 a o4 010 2
2 a’ o’ 001 4
3 a’ l+a 110 3
4 at a+a’ 011 6
5 a’ l+a+a’ 111 7
6 a’ 1 101 5

NNANTIA 2.1 @nansnadumsensuInuarasTemsandlannsi 2.2 Tneldndnms

UINWYU LA N TAUNY LY




A5 2.2 NMTUINUALATWNMIAMUDY GF(8) wansluzuvetaugunn

+10 11231456 7 XJ0'!1.2:3 .4 567
010 :1 2 :3 .4 :5:6 7 01010 0100101010
1110131254716 1101112131415 1617
212:i310:1:6:71i4:5 210121416 131117 5
31312:1:0:716 5.4 310 :3 65 714 :1 2
4 14 1516 7 011123 4 10:4 3176121511
51547 16 110132 510:5:1:14 12 17 13 :6
6 16 |7 :415:21310:1 61016 T ILIEI3 214
i s B I G - R O W A I 0 0 L

2.5 Y3glivnmasd
Uinlinnnes #Se Linwesaily (Vector space) Mviuali ¥ ilulwnuosdaiuuda

Fend1 nes (Vector) uag F uilasveadiuudisanit anand (Scalar) Uiginnwes
fnaulfdsd
* nnwed Wunfuitinuandiinisaduil (Commutative) melslawesdunisuan
* dwiuynadiuus ae Fuay vel naminu a-vel
* dwiunnqdhune a,be F uag veV dnuauiRnisdany (Associativity) 1T
(a-b)-v=a-(b-v)
= dwiunnadtuud a,be Fuas u,velV finadanURn1swanuas (Distributivity) 1y
a-(w+vy=a-u+a-v wag (a+b)-v=a-v+b-v
= 61 17 Wugdnddums (Unit element) e F dmiunngdiwiud ve v, 1-v=v

ars

2.6 LSUININING

o L%

snrdadin (Finite Geomety) Hundinmansvetivadindiieatu 9a (Point)
Fu (Line) uagitussuny (Flats) uaziilonilifieadostunmseonuuusiaueaniassd
(1) ognassgadonsoruayfidu 1 &y
(2) Wy 2 duitlilddeusetuslsifiqaiiionsie vie Wy 2 Wuidnruiuasiiqadon
79 190
(3) duduapaduiigpidonsio 2 sy uqiueduiieiu
snadindingnlidmiunisesnuuuivindasisdeunsivessiausaiid  daf
8g 2 jUnuuAe  LsvAdingAda (Euclid Geomety) wazisvindadaiunin (Projective

Geomety) #19zaSulenIseonuuUULYIndasvaaunisane Wluuni 3
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2.6.1 15vAdlAgAGA

5ndlngAaa (Euclid Geomety) fwualirnl m  Wuwawdnawduuiniian
1NN GF(q) o ¢ fern prusz s>1 9wléid m o sndingAdnasadoule
Ju EG(m,q) Usvneuse 99, du uazsvuu Tnsusaggaldu m-tuple Ui GF(q) saifu
PAIVUGF(g) 1n9nUigiinnines (Vector space) 78 m-tuple VU GF(q) fvundu
v, ’Lﬁ@hﬁﬂuﬂ“uéﬁ%mmaq m-tuple (0, 0, ..., 0) \uriSuduraasanadin Ima@@ﬁwm
n wildaunsi (2.1)

m

n=gq (2.1)

iy EG(m,q) iwiaigiinninasvidelawy (Coset) vaeUqiloy (Subspace)
vilsfifives3ndnnnesd ¥, wea m-tuple LU GE(q) nevdusaonanly EG(m,q) fwms

I¥anaunsil (2.2)
Tre(m)=q""(q" =D/g~1) (2.2)

wuvisviualy  EG(m,q) lnshisagadude (@edifidniu 0)- Fuwinmenldann

uél’

aumsﬁ (2.3) pau
Jor(m) = (g™ =D(g" -DHg-D) (2.3)

W GF(g™) Wulladuensuns GF(g) wazidauwuiidy o =00’ =1,..,a7 2
W GF(¢")dwiu EG(m,q) Tsilypimun n=g" n Waauud 0 Wugaiidauas o

Vs

\Hugedilildqaiila wnussga ¢ el

{Ba’ : B € GF(q)} (2.4)

lumsmiduves EGm,q) 18 f=0,0.a’ =0 Jugaduin wagld o® uag

o Hugedasyainiu dumlasaumsa (2.5)
(o’ + Ba’} (2.5)

#8eadl 2.1 W10 EG(2,2%) Ui GF(27) Auisimqavianus 7 anaunsi (2.1) aglel

n=q" =(2")’ =16 39 uazamann1sh (2.2) laduimun 20 iy usasidulsenousmegn
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4 9n deiiansan GF2Y) fwpuswiudendu 1+ X+X* vy GFQ) fwuald o

DuBBunsasdu (Primitive element) ¥4 GF(2*) wazgnmualyi g =a’
GF(2»)={0,8'=1,8=0a’,p* =a"

nniladdes (Subfield) GF(2*)ves GF(2') wndawusdves a'lu GF(2*)

anansauanslugunpuu el
a'=pa’+Ba,

ile B, B €GF2Y) Tusdnuvvasnnwmes o’ wnuly. 2-Tuble (B,,4) wu
GF(2*) W GF(@2*) \Juflaswens (Extension field) 109 GF(2%) #5197 2.4 fnsan

sadngranaedi EG(2,22)Uu GF(2%) 1nnauns (2.4) azld
LO O {ﬂla} =t {O,Q,aé,a“}
da B, e GF(22)vnaunish (2.5) aelé

L ={i+Ba)={l,a*,a"”,a"}
L ={a’ + pa} ={a’,0’ 0 e’}

L={a"+fa}r={a’,a".a",a"}

\ng Ly, L,L, uag L, 100 Parallel bundle wesduly EG(2,2%) wazdmduyn

lu EG(2,2%) Annamidudanymviniu. o laaadl

L', ={a+pa*}={a,0’,a",a"},
L' ={a+pa’t={a,a’,a",a"},
L',={a+pa‘}={lLa,a’,a’},
L, ={a+pa’}={a.a’,a',a’},

L', ={a+Ba’}={0,a,a",a},
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e wiyadinvesgann A mimuaLay Thefigaazliiduia 20 W@umuaunsi (2.2)

wagynbifasauganiie (

A5197 2.3 e 9 ves GF(2Y) Iﬂﬂ%’wnu’mﬁaﬁu laXa X

1

iy 0) aglmdunavun 15 Wusuaunisn (2.3)

i a' WYY NS
—0 | 0 0 0000
0 1 1 1000
1 a a 0100
2 a’ a? 0010
3 ol a’ 0001
il a’ l+a 1100
5 a’ a+a’ 0110
6 ab at+a’ 0011
7 a’ l+a+a’ (Y 01
8 S I+a? 1010
9 a’ a+a’ 0101
10 ' l+a+a? 1110
11 2t a+a’+a’ 0111
12 a® l+a+a’+a’ 1)1
13 | b g’ Ha’ 1971
14 | g* 1+e’ 1001

ATl 2.4 Ansing 9 381 GE*Y) Tuflesens GFEY) = 10,1, 8. f21dle B=a’

i a' WU VNWDS
5 0 (0,0)
0 1 1 (1,0)
1 a a (0,1)
2 a’ B+a (8.1
3 o’ B+pa (B, B*)
4 o l+a (1,1)
5 a’ B (8.0
6 o Ba (0,5)
7 a’ B’ + pa (B, B)
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8 ot B +a (8.1
9 a’ B+ pa (B, 5)
10 a’ Via (8.0
11 g ‘o (0, 8%
12 | ot 1+ fa 1,4
13 ab 1+ fa (L 5)
14 | " B’ + B (B*.B*)

2.6.2 15U1ANALTRILNIN

sadndaienm - (Projective  Geomety) - f8nwasiindrefuisuadingadn
flo afrendduudveimdrdfiad udasmldonnisiiuagatiian 2 90 uagwgaideusio
Suqﬁwdwﬁ;m 2 qmﬁ‘:u lngisnadinganenn PG(m,q) nszvuumadiad GF(g™)

WAz TWIUATIINLATD B WIAGITRIBA N [eiR el

m+1 __1
n=4 2.6)
qg-1
Ui ann Faaunse @.7)
(@) ={c', fa',.. BT '} 2.7)

lag 0<i<n Uagmsruwimmyarmminhuduainadugensndad mildanaunisi (2.8)
ma' +m,a’ (2.8)
e 7,1, €40,1, B,.... 72} waw i#

hathedl 22 fersan PG(2,2*)UU GF(64) AMNNUWIIATNNA 77 9INaUNIT

. 92y2+1 _q .
7 (2.6) ala n=((—2)2—=21@m Ty a Wunuuves GF(64) B =a® wazan
fladgey GF(2%) ={0,1, 8, 2} nuuWIMMIavruaaInaunsi (2.7) asusenause
wawiellife o’,a',a’,....a® seluliruamiduiniugs 2 9o Tufilendedrma

10 () way () TumseualimuIumuanniIsy (2.8) NATUI9INAISINRUILYDS
9
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GF(64) wazdaladmmeuuwdlimna a dmendidainnit g =a? Wihnisuegladid

I¢ide 21 Weswngavisvund 21 9 Fugusegsdeluil

(@),

(@)

(@+a®)=(@")=(a"),
(@+pa”)=(a+a")=(a")=(a"),

(a+ﬁ2a20)=(a+a62)=(all)

dla {(a),(@™),(@"),(@"™),(@™)} Lﬂuﬁgmﬁg@mmauﬁu PG(2,2%) ﬁmuqm () uaz

(&) nasnidulvihmsndunriugaiaseauasuanidusiomn 7 1§y

aa o

¥ 1
2.7 WUFIUTEUUFRATANE
Wugusyuudeansidnavieseuudniudeyandalaeluaslsenause  nnds

warnaiu lnsannsadtasstuwnunmiialuldnagun 2.1

RZISN
. 13 A Vet v 14 .
veyanuNy  — B wravEveya 9, —  sanand
ARG *
deyeusumu—= - dasdyan
a
AU +
. Ny nOAINE . .
voyauaevy [ peasvidveyn e, e PLYNALY I
yREGRTAE

aa o

o & = aa w & v @ v
gﬂqﬂ 2:1 LLNuﬂ']W'Wﬁﬂqui3UUa@ﬁT§ﬂ%VIaWi@53UUQWLﬂumaﬁﬂﬁ@ﬁlwa

N3UN 2.1 Joyafune (Source) wagdayataienia (Sink) Aedndeyafidanis

v @

| v v v ] = o v o v a
dawazdeyaiilatularenne lnedeyalussuudeasviiedoyaidfosnisdaivlussuudafu

Qs

174 o =3 = 1 £ = ) [ aa
doyavzeglugudygaueuzdan (Analog signal) 1y YayaLasd azulaududnyyiuniva

(Digital signal) vi3eegluguuuudynumivialaenss wu degaainivdreufiomes

v

v a £ [ b2 ar
N1SLWISHATIYAAUNIG (Source  encoder)  LunsitsHalaenszuIunis
wWisuwlaslndeyarunisliegludduin Bit sequence) lusunuuduiioanaugidou

1% v aa a W . = o < o W
vostayanunslagdsn1studn (Compression) @il 2 Useinn fie msludalasUsimainnis

gaude (Lossless) 1 dayannivdaesuiinmes uazmsTudauuuiimsgade (Lossy) iy
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%) = =

Taganmviseaidesnduenlvilimsgaydedeyauvdnle udu msdhsdameisivinlnle
Teyaieminniddnnuindesnifeyaduns Juihlidhsdeya (data rate) uazuuudiag
(bandwidth) #iaenisldnuanas dwiunsasnsiadeyadiunie (Source decoder)

nszurunIneasialiielvladeyaiferduiudeyadunisdunsdifinstiudalagyusiaain

dli‘i'd = L5 =

nagede vieunsoessiadielildailndifssiuteyadumlunsdliifinsdusauuud

nsgayLde

nsisadesdyeynas (Channel encoder) wagnsnenswarosdayaias (Channel
decoder) iiteandnsiieRnnainvesdoya lumsidrsiaeslddoyatumeiidhsiadeoyauds
vieisendnethmileiidory (Message) vinsidnsiaiioatateyayalmiGeniamsta

(Codeword) @sUsznausnedeyataanuuardoyansnavasusiisdiugidou (Redundant

Check) uazdnsnauseminedeayatenusesiasenin ensisva (Code rate)

o

mnadagns (Modutator) — WWunisusugddyaaliinaumunzanlunisds

o

fRyayaurnutasdr) I wagslendtyay1a (Demodulator) Wunisuendgyaadeyasonain
Fyranlasuinanyesdgyruneudinszuiunsnensiaiioandnsanisianainves

13

aya

YRy ad (Channel) ABFINEIMIINIEAIN 11U @ethdyan 81ne WSouNy
fily (Vedia) Tugnsndariasi desdyanaimiritdusnandunsdushudogandums
Wdwanems - Tnsdeyaiirutesdygruasldsusansenuin 9 Mndgaimsuniwhil
dyanosiidadimufieiey

Fyanasuniu (Noise) udygnaiiissuuliifiesns wndygrasuniunnasyi
WiAndefienarnvesfeyaunnioudiaiedy - Gseredmalinisudladoyaionanlianse
wwudladeyaligniasld TaevinludymrnsumulivanaUssunm Wy dyanasumumdde
(Gaussian noise), FYYIUTUNIWTIANTBU (Thermal noise) uar AyaasunIu

SlaAnsatind (Electronics noise) Loufu

2.8 Yoedysyranndigeu
fyaundi@euvsedaygiusuniuwuuden (AWGN Channel) wusnalussuu

@

mUsznanadygnuvessyuuiuiindeya uwasnnsdearsfeys fegharu dygrmsuniu

v o ﬁ) =

MNANNSaU danalinisvinanuvanasmasuiieanuiianaindusatulunisneaau

A3I0ULVDITVIALDAANT  Falavinnsnedeunelaseuunddygiusuniuuuudeny fuds

] L3

= " : & aa o a ¢ o
duuuuINd@ey (Gaussian random variable) Wunllsdldaulunsiwsigissuudeans

b}

vistiilssnnnginssuvesiudsguuuuimddeuiidnuaegadenudoyaiisuasnely

£ 1

sguudoas W dygrusumunasteyatnians Wudu



16

e

B

[y md

GIANTEN ToyaUa18v9
—> Wsiaveya nensiaveya ——>

QT UNIU

JUN 2.2 wnunmdnaesresdygisnndden

[

lunsneasunisnadayayiau Binary phase-shift keying #38 BPSK fviunlasiail

y=ax+n
(2.9)
W9 a Ao uouNage (dwsuras Tyanmddeuazivualileundygedanviiu 1),
x fin dgairunisnadydneal (Modulation Symbol) deniu +193a -1,
N @ | o ¢ o o
n A9 dyginsunduludesdygrannididsulngiiiainisuanwas Pdf
feaun15N (2.10)

n~N(0,c%) (2.10)
AAMULUTUTIU (Variance) wnlassaunisi (2.11)

N,
Q. Vg

=3 (2.11)

el N, fie enuvuisdudlnasuidsesdyyusuniy (Noise power spectrum

density)
N,
2 0
o T i
2 (212
Toedt
E__E  E 1
N, R,RN, RR2c° RRN, (2.13)
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e E, A Aawdanunadn (Bit Energy),
E. fio wdsusiedaydnwal (Symbol Enerey) wndsrdsas 1 Taud E, =E,
R =log,(M) Wlenadeyanadadnualuuy BPSK 16 M =2, QPSK 1§
M =4 uaz 16 OAM I M =16 Tag R Fsvuinvesdnsadydnuel
R, A9 8ns199Fa

AatuAmuLUTUTINYR sd Ry asunIuay i

-1
o’ = [213,”1{: %J (2.14)

4

-1
ol = (2&5} (2.15)

NNFUN 2.2 MsiammIaensIiniawain (Bit Error Rate %38 BER) wlfanndiuauda

) Y a 1 el = 5 A 1 L2 dl
HanannleTunedgyautavianuandeanll Aseunish (2.16)

DaRananayaunsvawaanngwnlylule i
=z 2.16

o 1 (Y

BER= . .
UANYIN1Ia N anNndausHaLaafngianum

dqunsAmuINAERSIWSHRANANR (Frame Error Rate w38 FER) wnlaseaunis (2.17)

Tayasubanann azausiauaafngurlulyle
FER=

. (2.17)

JoyamisuRananivinsduienageusianeafiigvisvun

[
2.9 sviduaan
9] < & ) w a W ' ala v
sWaufion (Block Codes) Ao sWaudludoyatianan Tnedeyavnarsitivuadoya
k dn azgnidrsvia (Encode) viliiinUndayansiaaau (Parity bits) §1wiu n—k Un lng
swaudenaunsawtseantiidu 2 Ussian A siaudeni@adu (Linear block codes) uag
swavdeonlui@ady  (Nonlinear block codes) uwslpsvinlufeuldswaudenidadunazly

& &

gndinusiaznaniaanzsfaudenduduriniy auaudifiddyvessiaudenisl

1471238
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s LY =l o 1 1 U d 1 1
9n9199d (Code rate) An 9MT1EIUTEMINUUIAYDYANFBINTTER (message) & Aavunn
Y893Hd (Codeword) n Tagdnsisvia R e

R=k/n (2.18)

uminensiid (Code Word Weight) e d1uaundenldwiniugudvasdnsia wu dsia
fieiudu (1011001) Andudminersadlfidwviiu 4 @ <17 o 4 Megludsta)

5883 UENEl (Hamming distance) fie maUsuiisuadwvuilildgudvaseisia 2
gardianmunnseiuinle Bsaansamlaanaunisnall

dHamming v,w)=dv,w)={i|v,#zw, i=0L..,n-1}| (2.19)

Fagil 2.3 siaudeniidsianioin 2 90 fa v = (00100) uag w=(10010) Fsiiy

ud1v@w=(10110) afusesviausuils d (v,w)=3

Hamming
svgyegn (Minimum  distance) wesssiauden A nsiusuiisuasiuauilily
Audvassviarasmsianaleyn uazdnatudefussezviaeuile Wesaziden
Avinganlaiudmeu lnssvesrinwhgavessfaaunsafievasiadudnfiananvesdoya
Indrenimlawiniu d,, 1 usnaniuszesinsgnaunsafazuenlndnfianansn

wilvldgegawiniu (4, =1)/2

dhagedt 2.4 iaudoniidsiariavan 4 4 findail
¢ ={(01100),(10001),(00010), (111 11)} ivin1silSeuiis unasinavasrsausazyn

Aadl

F2yzyinueNiiesy i (01100) waz (10001) 10 dyypn, =4
swevvnuandleszndne (01100) wag (00010) 16 dyp,p . =3
svgvvnuenilessydn (01100) wag (11111 16 dyypp, =3
FzEzUauilesEning (10001) waz (00010) 10 dypypi, =3
szgzviauilesening (10001 wag (11111 16 dypnin, =3
sgpgvinauendsszning (00010) uag (11111 160 . =3
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szpyengnfeAssevyeNilaengn  Aalussesvieenan 4 =3 uaw

min

Anuansalunsunludeyaienaingagawiiiu 3-1)/2=1 da

= 74

2.10 siduiengadu
savdenilinduasinisudsdadeyn  (information bits) eenluudendifiouia
W ] & 1 Sa v < o a 0 § v = o 1)
winiu - Tneluudasudendeyaesidndoyailiudwan £ On  vihlideyafiszgnihluidh
weseia (Encoder)  uaglumewdanisidhaiaesladeyayalvafeaziSenindmia
(Codeword) vua #n laedndwiu n—k Jn wiednwi3s (Parity bits) igniudluiias
vimthilumsnsedu  wasuileanulanaiaandyanusumuiitegludesdygyin vl
Teadsusbuenmuanuvuyvessiaudenluzuvel (nk) nszuiunsidhsiauessiauionids

udlgUuuudagui 2.3

k-bits Blogk—.

Y

Channel Block Encoder

v

n-bits Block
(n-k} Parity check bits k-bits Data Block

Y

Coded Data Block

3U# 2.3 nsvviunmainsavassiauienidadu

L |

swavfenduduiinaeaudRniddnil 2 sgwde
HAUINVRIMYElaY 2 ¥n aelanadnsdudswadie
2. Szygyeingn (Minimum distance) dewviniusimvingnga (Minimum weigh) ¥e3i

sialiswauAhilygud Tnewuslaidy

* weulmBufiafu  (Singleton Bound) : savdenBudU  (mk) Hsvesvinedinge
(Minimum distance) vassWauden fe

dmin = n_k+1 (220)
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YauLALaila (Hamming Bound) : sviaudendadu (n, k) aansaudladeyafianannls
t Un lnediRoulvnsaunisaeludl

ey [Ej (2.21)
i=0

1

TagAuduiusszndng Upper bound 983sseznaigauas Hamming Bound faasns

n n!

(—.J = m t=(d;, -1)/2 (2.22)

1

2.11 WNINBAMNALALLUNSNTASTIVTIUNTA
wysngndlla  (Generator  Matrices)  Aaumsngnldamsuadesmsvaanndava

U

o W {g.gulegld o AWiusiauden - (mk)  uwezlvideyadunm

1

s

m = {m,,m,,....m,_} Wudeyadldlunisidhsia diadsiaazlamsia

c={cp:cf 46 1}
C=myg,++m, g, (2.23)
wrdndrinilauuuidesguy (Systematic) agaglugtaunsi (2.24)
G =[PL],, (2.24)

g I, Aswmindionanued 9naun1sil (2.24) dunsal@euaumsivadlaidy

&0 o0 i 0 8opm
G= g:1 _ g;,o g:l,l ’ gl,:rr—l (2.95)
8 Giio &ron 7 Ehoinm

g g,,0 <i<k-1dunnweslundasumvesunindiudn G wasuvdndiniladmsy

a519Asiaanunsavinnsinsalalaensedail
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8o
&
mG = (m,,m,....m,_,) . |=mgytmg t..tm g =¢ (2.26)
81
Tavsndasaaeunsaniaseaiay
h() ho,o h0,1 o hO,n—l
By h, L =
H= = N ‘ (2.27)
hnfkv! hn—k—l,O hn-k—l,l hn—k—],n—l

Tusviaudendaduiiiinsidsdadeszuy msiaanduvis n—k sullshumis 7 Teds
aunns (2.28) venAersvialugsshunisisnarafdedeyadeyaduwn m

G =My, i=n—k,..n (2.28)
drudeyavesiisviaaInduni 0 sudsihuvis n—k—1 Wudeyaludiwmeslon3a Jadl
GHUAREIERIY

Co = DLootfy T Diphy+ o+ Dy .My

C, = Poyy T Py oot Dy s My

(2.29)
Cotmt = Lop-i-1Mo T Ly T+ Dry ienrs My
nENNTST (2.28) uae (2.29) amnsadeuliioglustaansming feil
Poo Po1 " Ponsa 1000
Pip Pyt Pigge 01000 - 0
[co,cl,...,c”] = [mo,ml,...,mk_l] : : . (2.30)
Prao Peag 7 Proyp-ka 0000 1

y3a AsvElaan

c=mxG (2.31)
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= a o o0 A o = g a ¢ [ L3
NAUNTN (2.30) MINAINTAUNININUANNRAIUYI FauTuzUuuuresumindiendnual

wnindiudaesiizuuuussaunsi (2.32)
G = [P;Ik]kxn (232)

MUUUNINTRTIRERUNSRE S UNSaeRTaLlsssuUlARIaNnIsT (2.33)

1 00 00 Doy Py t Praap
0 0 0 01 Pora Prp """ Prina

=

Tnguvsndnsvaaunish - B wivauuesaunsawensanduwvisndiananwaifiduuin

(n-k)x(n-k) 1,_, uagnswlwawvdnddwmsuatnnsisaeu P’ fwaunsd (2.34)
H=[L ,:P'] (2.34)

Wevwavsndanlauyhnsguiuamindasiadeunisialianduamindaud  fauns
#1(2.35)
GxH" =0 (2.35)

wine a1 IaansiawshnsmMsaumevsminaunsndnsadounsauag lae

Junnineigud uansinisaeasiaausanensialiodgugneies dsaunisil (2.27)

cH =0 (2.36)

2.12 N15ATIUTBRANAIALALNISDDATHaTUIATUVRSHAUS N TILEY
mMInnadutefananvessiavdendudu  (nk) nWVSAdnudauasiuisng

s

pvvEeunin W e={c,.c,me,,} Wudsaildnmadhsiansudwiudedyana

1 a

unu waelv r=(r.7,..7 ) WDudoyalssuiinudesdygrnsunulasinnsanoensia

Luuveu  (Hard  decision) Tegluguuuudeyauuuluund  waglumsmsumisdoya

AanatnaILIsavnleanaun1sn (2.37)
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r=c+e (2.37)

WAZNITATUIUMAEULATY § @u1savlnannaunisy (2.38)

s =r-H
=(c+e)xH"
=cxH' +exH’ (2.38)
=0+exH"

—exH"

naunsh (2.38) Tunsdli e liddeyaRanmnd@ulasuildesdanduegud Tagrdulasy

s wazknisulntianans e Sourady

QL - AN (2.39)

€=¢,,6,....e,, (2.40)

2.13 SWALINIY
sUaeNie  (Hamming codes) Wusaudeni@aduuuuluuiinininuaiunsaly

msnsadudayafiananuazaansouflefeygafianaiald 1 Jn o uarflszezvinasinge

(Minimum distance) -d,, = 3 lneAmautAvessialeuiiadeal

m

ANNYISVE n=2"-1
Tuudntoya k=2"-m-1
o @ a

PIUIULTAURN m=n-=k

anunsaudludeyaianann =1

PN nnanuneunthdludiurainsnsiaaznisnensia  n1snsiasu
Jolanaauazn1saansadulasy  Tuwdetiazuanliiiuiduneunisoensiadulasuyes

SRR LN
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= Qs

0897 2.5 sananiia (7, 4) fvualiiunsndnilalasun3ngn9aaunisa aail

0 0
(1);(1)(1)(1)00 1 001 011
G=1110010,H=0101110
001 0111

1 01 0001

ﬂauﬁaga§uwmﬂuﬂuéwswmﬁmu 4 9n m=[0000] Wevhnsdhsase
mw%ﬂ%ﬁ%ﬁmzlﬁﬁi’ﬁﬁaﬁﬁmﬂuquﬂ%wm 7 U9 ¢=[0000000] uazsviausuiiall
amannsalumsuladefomanald 1 On Fofumamnsuauwniiiudndsianaina
whitu 2079 =8 suuuy emnaunsit (2.37) e r=c+e lhhersta ¢ vhmsuan
wuuweglafiuunmiifulndonatn e emmdulasy  uaramaun1sii (229) vhnns
Aaamedulasy Ifedulasufined 2.5

fuumsiisiausddlulfoumsiasamndulas wnadulasuiléfenilly
nnwesgud s #[0 00] uanvidoyanldsusidefiananm Wihdoyaildsusvhnsuanuuy
weglafuunniisudafanarauashnsessaoumdulasudnads  mnendulnsudldlnid
Andunnmeigud s =[0 0 0]uansiniidefianan 1 Jnuaziumisisdanannnsaasuls
e mnadulasufildlildnnmesauevsneisdafonatruinndt 1 Jnuazsiaueuds
Lianansonveuiledoyesnanls wWesnifuseummmannsalunsutlvtoyavessia

T3 RAN

A15197 2.5 uwnndisulnAanarnuasafulnsuaindiedns svausuds (7.4)

unniisudndanann (e) Adulasu (s)
0000000 000
1000000 100
0100000 010
0010000 001
0001000 110
0000100 011
0000010 1. 1.1
0000001 101
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2.14 svdlgaia

swalwadn (Cyclic codes) Wuswavan@adurstanis Wethesvanianday
a ) [ o v o ga & o Y | ¢ E w )
TaluvIundunalassoalanadnsndudsiame  lTudiussadauislnseaiineasdsa
vossialonaniduirsasnidnuaensisaldnelnefondenisidisdawesuvudon  (Shift
Registers) Wwausiafuuazyinisdoundu  (Feedback) Seninmsisdamesuuuidounuy
UounauiBaidu (Linear Feedback Shift Register: LFSR)

Wiehsiannnes ¢ =(c,,....c,.,) aunsadevaglugivasmunuding 7—11dwuusta

(Code Polynomial) fsaunsi (2.41)

e(x)=cy+ex+tc, x" (2.41)

o v 1

FennuireinsdwiEennmes m aunsalsusgluguvasmpnuiing a—11dwmuny

A1 (Massage Polynomial) fisainnsdi (2.42)

1

m(x)=m, +mx+-+m, _x" (2.42)
waznuiIdle (Generator Polynomial) famntsd (2.43)
g(x)=l+gx+gx +-+g, ,x Tyt (2.43)
Fatumudorugaiuimuniuin slfvoumisia daunisi (2.49)
¢(x) = m(x)g(x) (2.44)
Pnaun1s (2.44) madhsaildfusuulidussuy (Non-systematic)
Tunsnishsiadessuuiuhldsaunsd (2.45)
e(x) =r(x)+x"*m(x) (2.45)

lefl r(x) = m(x) mod g(x) WazLsAAMBIUUULADUILAMIMIRNE r(x) Wil
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Tudruvasansawls nmsitnsvalerdaanuisatdnsiawesuuudeunidnisdeundu
aNnNndargun 24

Gate

by - a bytr

h 4

by by

Codeword
Message P r(x)

Parity check bits

JUN 2.4 ywasdhaialendin (n, k) Teeldisawesuuuibou

AIneesHEgulasuaIIsatsIamaThULAaURTN1sUaUNduaS 1919351 AR

5U7 2.5 TunmsAmurumdulasy s(x)  emunnifisurastnianatawaziluudlumnu

= 2/

HANAAUDIUBYANIATU r(x)

a

Gate [«

So e 5 e TR e oy e Sn-k-1

Received
vector

JUN 2.5 19snensviadulasulaeldisdawesiuuibou

2.15 svignelylyada
LY = . - [ £ I a W = = da wa
viamelelunda (Quasi-cyclic codes) Husiavdendudurlanisifiguanudd
mdewuiudeiusialeadn — msidhsiavessamelylerdaanunsaysegndldtunis
Wsiawvuruld Tasumsndidavessiameleleninazgnuuseenduumsnddossun
bxb Fsluwiazumazgnideuilumanmieads dausiamelslendnoziiunsndriude

4

TugUvessviaigeszuunad

Go GO,O (;0’1 ‘e GO,JLc—l I O --- 0
,- | | ' (2.46)
Goi] [Gens Gews G .y OO I

-
o
3.
=g
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We I Aewvsndlendnwaliduunn bxb, O FAswvisndeudidaun bxb uas

(.3
il
Y
a ad
#

G, , Aewmindvauadusiunisifivun bxb P fedeyaludiumiii waz I, Aediuves

Joyanineinsads lnelidayanfoimsdsionnmes m

U

m =(m,m,...m_)

= (M, My, iy )
madswaleszuuhldneaunisd (2.47)
c=mG=mG;+mG;+:--+m__G_, (2.47)
€ =(PgsPyseeosP, s My, My ..M y) (2.48)
lo p Aeteyaludmmisivesssvi
p, =m,G,, +m1G],j +eem G (2.49)

masiadszuvvessiameleleaiaaunsadanussgndldiu  Cyclic  shift

register-adder-accumulator (CSRAA) Idlasiiumsnd. G, ssgniiuliluidawes B Wedn
foyga m  gnindunfazgnaudionning G, lnensasueusiing :imiudegnuandy

wnwes p, AlAannIsFuIMneUMY A1gUR 2.6 HalllamnSaveunanunsaf il

Tunadeniu lndldmsidsiauuuuudguil 2.7 Snwadisiaasld CSRAA Sy tc

Al uunaUNGeUwihiu 200b wagduauseudinauazsnagivloasinawintiu (t-c/b
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B
b-bit feedback shift register
1 2 3 b-1 b
Input a
YY \ 4
A
b-bit register
P, 1 2 3 b1 b

gﬂﬁ' 2.6 19934915%a Cyclic shift register-adder-accumulator (CRRAA)

Input a
—9¢—p| CSRAA 1 |——p- D1

—p»| CsrRAA2 —p- P2

| CSRAA ¢ —p- P

JUN 2.7 1 aviawuurinulagld CRRAA

Ao,o AO,] e AO,I—]

A
H=| . . (2.50)
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Mo A, AewmSndvyuaduiumisifivuin bxb uazumindnreaeuniInvessianiely

a

lendadlsgauievsualnaumindiudawuudesyuvezdedidnlunmindaud dauns

HG! =[0], (2.51)

qe.sys

Tuunilldnanfisiuguneadamansuaziugrusiaudondadu nmsdhswauas
nisneasiauiendudu FuduiugudrdgylunisiFeuduazeanuuusiaudeniis

UsgiivBnngs Wiy siaueasid Javzldnandluunsely
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=

s ==
N LLDanNY

o < Y

SHARIUNUILUUNTAIINIDTHALOARANT (Low-Density Parity-Check Codes:

= o

LOPO) usavfeniduduiiussansamguasiinisiaudilndveuunvasusueuiile
THudenunalugflussuudeans Fsllaglusiaueadidliiussgndldnuaisluinnsgiuves
IEEE \2u IEEE 802.11n [2], IEEE 802.16 [3] vudu lneluuniagnanimnuduinvessva

=

weaAnd Auandd Yssian lassadnvesunindnsisaaunisi Isnnsesnwuuiunsng

HIIVADUNITA SIUMINSLINSHALALAITODASIA

3.1 anudunivassidieaing
THEATUNUMUUNIS AN 05T awaanNa Lo AneuASILsNILY A.a.1960 Tusuide

seAuUSeteneee R, Gallager # Massachusetts Institute of Technology (MIT) [4]

=

Uszinaanigewism TuadsedhiavesiavdenBadundanisdismuaonisiinuluam
Sndasiedeunish B adswaieudlofisuiununsveimrEndasaasunisaneiiitely
ssuvvhnanesTriiAguagflauonssnrumnensiatuuaudileldiustaiail ue
Franafanansfaneanndsilasuauauladasaniaanuaunsolunisadrsendauas
lanunsasesfumnududiouvainisaensiaueadigle wazlussazinanfonfuiulaing

@ s w a | Y = v a
Aunusiaudemdudulszinndu W saddiey (BCH codes) Miluudludayaiionanauuy

1y ¢ o

Unuazsiiain-lulaneu (Reed-Solomon Code)  luudludoyaianapuuudgydnual
Wuslsianivuganlumsasiesawslugunaidndnnnnia Ingsialdovuazswasa
lelaseulagmirluuseyndlgasanagemuiy aunsenslutilut @.#.1981 RM. Tanner [5]

Idauenisldnsuif¥edn Tanner Graph %39 Bipartite Graph s5uteauduiususs

A =

sWaueadfid dsnsmitldtianunsoussgndlisaufusaneifunuunumangm (sum-product
algorithm) ¥3enseuiun1sassinuanadesiu (belief propagation algorithm) LLaz@ﬂLﬂﬁau
fdhfryvessiaudlvdoyaianamiifgmalulagmsdearssruuatvalutogiuindaulud
A.A. 1998 o C. Berrou, A. Glavieux waggygyn §iuediun (6] fiandusiamaslu (Turbo
Code) Sudumiansuligiunasnuirfiaussauzlunmshouiidilndaisvesusuuey seun
Tl AA. 1990 1dilaAdeves D. J. C. MacKay [7] AildAnwswausadiidsslaseeadiauuy
gunuisiaueafi@iaussaugnisvhauiidnlndveuunvesusuueuduiieaty Snvlu

$IT8V09 Richardson T.J. [8] ekandlyiiiuinswaunsafnenaussausn1syauifnINswa

weiludmivudendeyafifivuialug 91nuidenis q Agnidnausuazifuily



a1

unANEeng 9 MisdaLeafgnavunlasuanuaulaaninideialaniasdannnuidedu
siauAlvauRanatasng q Swaundildsumswewnsludagtuifsadestustaleadng

yannlaussausilavessiaLaannaLazaududaulunisasnssansiniiswame Sy

=l aal

unalisiaueadngldzuamudenlunsihussgndldaluszuudoarsuagsyuududin
Yayalutagiu

3.2 AuaNUAvaITiaLaRNY
saueafnfilusiaudledoyafianarauvusiaudondadu  Tasusdazuniuazndn
Tuvindamaaeunss H ddwiuves “1” Wudwiudey swaueaffi@dasuuuimeiy

fio  siiueadifuuuaiuasuulsined - Tesuuuaiegilumindnsaounin  H, .,

Wiy w, Tubundwasintu w, Tukuiwew Tag w, Aodmuou “17 Tuwwniduas w, Ao

=

1w “17 luwwineuvsnusngnseasun3a - aleandrsiniauelay R. Gallager

[4] JusialuuSueanfiduuuamidnnesesunindasadeunan | ftlvunaluguin

& o

WAAUALILEEYDY  “1”  luavsneddnuautes anuennes . 7 auisanviusledy

(n,w,,w,) EwmSusrianeannauuasiagld (n-kw, = nw 0 w, <w, neUnf w, >3

&
=1

wiATEELY PR d,. 2w +1 TngvhlvlumseanuuumEndnsvaeunisa

agimualy w. fanlu 3 wie 4

3.3 Usslanvueesianaanng
ANNYIEYBANNINGNTI9a0UN3A i FumudsalunmsTddumusiussinnues

w o ) A aa Y v @ v
TWALDAANT Fesvidauweanngaiunsawdalasu 2 Usznvndn Taun

1) sVaLoaRngwUuAl (regular LDPC codes)
WYENgNTIEEUNSRIWIN mx 1 TpssvaLEaRRTuULA dxilauniluusazin

sgdudouniiiu  w, wasduuawiliuudasvdndu  w vi¥esuaudud

Weouseriulyuanswaeulunsmuuesidnuauwiiiu - w,  wazswwdun

[7a
v =

Genrerulnuadydnualviiu w, Toefl w, <<nuay w <<m Taildassia

o

o L7 LY A o 8
AUSUIVRLOAANTLUUAINENIN AR UL LARN

R21-Z=1-22 (3.1)
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2) Waweanduuliae (rregular LDPC codes)
TRichardson [8] linauesiaueaffiduuulinilul  ar2001  Suunind
Gm'«aaauwﬁﬁﬁﬁﬁﬁmumwﬁqa@uLwiam,lmLLaswﬁ’ﬂLﬂuﬁwuwlﬁmﬁ fauns
MVUASNYUEUDITTATILARIAIBTEAUNMSUDNUAY  (Degree-distribution) @Sy

° = o [y ° = o O <
Suuawileglundnuagdniuawilsiegluumdsaunisi (3.2) was (3.3)

A(X) = Z A XM (3.2)
p(X)=Y px" (3.3)
i=1

Tneh

v
C L5

2, fe  dedussviuwasiuveshuiuandnibidugudvemnvdnitimin

[

VBUVIINGNTINIOUNTH H dunasiuessiusuaandnyndadilidusud

VBUUNINGATINFOUNTTA H 1o Y 4 =1
-2

p, Ao dadiusgminsnarimeshiususainndliiduaudvemnuaiiifimin

TSUVINGRTIIAOUNTA H funasaseassiuuandnyadaiilidugud

£%
aal

W,

a P T
YBINNINAATIVERUNTA H e Y p, =1

i=2

Tudrudnsswadususianaannawuuliasianisaduialdann

Rl X alh (3.4)
M w

3.4 nswunuiues
nsMunuLes (Tanner Graph) Saindunswlun$vg Bipartite Graph) wfiandls

o = 4

nlfesurenssuiunsvihavesiaweadid  Fadeldinduamddeifiunumddglunisi
nqenainUssgndliiusiaudluanuianans Tnensmlunuiuesussneumeduiion
(Edge) naailvuaduiu 2 ngu Ae Inundgydnwal (Variable node) Wusunuvesdsia

& a & ad ' & = by
uazlnuansIaaey (Check node) Wufunuvasamindwish ngulvumitansazgnioudn

a s

sefunelild Aruduiusvessfalasuvsndnsiaaauni3a aesufl 3.1 (n) uag (@)

U
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2959u (Cycle)  viseleifadaidunsmiifinisidousoseninelwundnuazlnun
n39d8U LLaxﬁmsL%aw{aﬁ’UIﬁﬁuﬂﬁuG]I@aﬁiwuﬂLéuﬁuLLaaIwuﬂguquﬁuiwumS]Lﬁmﬁ’u
rlnsouitduiigauasnsmunuiuesasiSendt “fiss (Gith)”  Teifssezdanadic
nsgifwasdmeulumsaensiauuuiugt 913Ut 3.1 duiivikanaisswindu 4 Tuns
oanuuusHaueaidsedliliiise 4 agas esniissdwasouszavsamlunisaensia
wagvinlihnaulunisaeasauuuiudiligidmdmeuiigndes fafuisstusvessiauea

AnanaliisswiniursauInni 6 TunseenLuuLNSAgASITdaUNISH

H=

S = =
B - ® O
—_O O
Nl N
— PO O

1
1
0
0

o

a

(N) WNINENTIIADUNISH

Variable node

Check node

@) nsINLVULLDS

TUN 3.1 PudIRUSIE IS AgRTITEeUNN LA T IWLMLILES

0 [9) lanamsmnuduiusszuiaissuaziimin 1 Tuwnds (Column weight)

q

Ussepvineingn lasssegvineingaasiiaiivdudliansslvinalug@uviodminuuidsiia

]
o =

1NYU AIAUNISA (3.5)

d

min

S +w, +w,(w, =D +w,(w, = 1)* +-+w,(w, = 1)"*  for odd g/2
T 1w 4w, (w, =D w, (w, =17 4w, (w, —D)EP* otherwise

3.5 lassadnvassnduaanng
nlATsasesiaLoafnguLuuAif R. Galager Tdinauslilul 1960 ndsanntiuly

U A, 1998 David Mckey lotaualassasneiilgnisguan uniselaanfulassadnuuudug
walviuszdviamguaziesonisuilssgndldiuads Tnedwlngazilunisesnuuuia

lassaisiuiveunislassadanildnisgu
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3.5.1 SWa815L58

sWee§isd (Array code) Iogminauslud aa. 2000 Tae J.L. Fan [10] Fasmind
aTedeunSivassiaendsdlinvamiulasadiefiuuon  vhilfananududerlunsaing
wvndwi3d uenannd J. Fan Seldgafldisiuinsiaensisdithiaveiunenledaoun
whiu 4 Ssdsmadeaussousvasdanaiiuilldnsaonsiaueaiig veiumindnsiaaoum
Sivessviaordisdariivne jpxkp lefisnudy j uas p Fedimitesniviewhiu

FIWURNIE p AINANNTITN (3.6)

(3.6)

[
Il
o O O O =
oS o O = O
(=T e =
ohZWwn— O o O
= TNWe o o
-
Il
= I O A O
& 2/ 2 =
o OO =k O
o o= O O
S o @O
o~
[l
D =gy O O
— P O O
S O O -
oo O = O
o O = O O

pxp - -pp L pxp

Iy 1 Aeumindlandnual waz P Aeuwisndvyuadusurdslag@doulunisun
el wasavdieviiuanges P Agsnmruansideures “1” Tuam
SNGVIUATURUVING. WAE  p  ABTWIATRINVSNEVYLASUMUMLY  9Indun1sh (3.6)

lassassvasunsndnsavaeunavessiaansisdiyunuy fwemnasi (3.7)

I I H b 3
RPA\(R /B3¢

HERN (g o ) : (3.7
I Pjﬁl Pj—l . Pk—]-J—] -

Jp=kp

lng j Aedwniuwunsndgeslunuiueu way &k Aesriuemsndgeslunusis anlaseasna
P9359a0NsIluENNTTN (3.6) AWITAMIANSRIITREYRINITEONWUY (Design rate) Teaziien

Wwinuanssvandasnisun luldeuase (Actual rate) lasiail

.
Rﬂ—[%} (3.8)
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3.5.2 51aR15IsuUUUIUUge
nuIesHaLeannduuuefisglul a.A. 2000 ved J. Fan lagnihuWauiuaglé

gniauednasilul e 2002 Tay E. Eleftheriou [11] waziSunisnisesnuuunanainin

£
= a

S9a0N5LIEUUUUSUUSS (Modify array code) @aswanldinaueiinudnvasuuulondnyi

9

v [ o 1 = el ¢ . . o Y} 1y
insihsianseyiladelnanslddnviidawes (shift register) Minsteundu wazdns
Usranladaruiawindy 4 suuwvusiaensisenladnausl’y nensesnuuusiaaisiss
wuuliuuptianunsaldlaedaudassiaesisdiladnaus iud TviidnwasiJuumsnd

\R84 (diagonal matrix) AeralUil

LA4T -- I
0 BORA\ H/ /pFE

H={ S : (3.9)
NS E - PFE

Jpxkp

nlATIATIWBITREDSTlUANNIT  (3.9)  AIUNSEMIAISHSITHEUBINSOENLUULAL SRS
sWanfeen s WIENISe  YSenannAnsns IS AYeINIS0ALUUWIN USHS 1S ETIdaInIs

luldauasalagadl

.
R:l_[w—g] 310
p

3.5.3 siamalelenda
mahguuuuvessanlelelenfauiussgndlilusviauesiid Taswadisvesuning

AsRdeUNIsAvesTiamelulafalUiuusisaunisn (3.11)

Pl,l P1,2 Pl,3 I'l,k~1
P2 1 P2,2 P2,3 PZ,k~1
H=| . 5 j (3.11)
P | P j-1,2 P;—l 3 ijl,k—l

U p.A. 2004 M. P. C. Fossorier [12] leauaunanuwsssvamelylondauoaniduasls
LEPINATITRAAINEIEINITRASIUATENVUA 6, 8, 10 waz 12 NN ABNRILeaTAIUIN

AT lasUszanuvesssesisingn  lwliReadutu  Tanner [13]  auedsnig
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senuuulngldnsesnuuumenuaduiumis - Ssaunsalilusiaudenuazsdaneulagdu

Ingguuutlumsesnuuudmiusialeadiiduuusiauiendadu fsUuuusaunsi (3.12)

1 a & e g
b ab @’h v g b
H=| i . . ) (3.12)
p7 ab™ & e d

Jpxkp

Tagwisdiwaslunisesniuuves Tanner iNUABAWUATULT 2 A1 Ao auaz b laovi
aasenAoduulumImuvenuvInduyuaduiumialdwwg 1<a,b< p Tl aa 2014
Morteza Esmaeili [14] leauaiSniseenuuulngld Cyclotomic coset lnandnnishenis

o 1 A:t'd = 1 g 1 1 a ni
ATUINIERSINNFNTN lgAsesuu Tneriainalnisa (3.13)
C- e 0 30w,y \ 20 ) (3.13)

Mt 3.1 Mesanuuusianeadiduulasaisameluleaiialaely Cyclotomic coset
WomvualiaySndvyuaduAaiIny m = p=17 wasimmuadauus p Wity 2 g

ad % s 5 2/ a ] U
®n15u Cyclotomic coset vawaduavinuaIzyldanaunisi (3.13) lnefmuaen s

'
= L/

SuAuan 0 wldamundnvsagnsugausndu ¢, = {0} PNNuRLAT s iduiiazanlag
s endalulidndn 1 eelfanssudy ¢ =11,2,4,8,16,15,13,9) deyufie s Ju 2
wiliosn 2 Wuandnluensan ¢, uds fafurn s AdaluTeiendu 3 Wensumdy
C, ={3,6,12,7,14,14,5,10} LLﬂSlﬁﬁ@ﬂ%ﬁL%ﬁ‘fiﬁJ‘QﬂﬁﬂlﬂLﬂaﬁﬁl’mam%ﬂ‘ua\‘lwﬁ'ﬁ’mﬁgﬂ 3§
Aunanldduliandnasuyorud - mndulihessuiviaisesuiuasifunng
fvusAveaavndvyuadusumislulaansn [C, ¢, €,] 90 C, = {0} wnu 0 Tufiine

2
Qd\L 1= = L3 s L3

wwisnglendnualiiflouin  px p  uagliuvindasisdeumialiluvsndiondnual Faiuy

s muAfYesuEndvuaduimdluL TNV NGRS RdeUNTS AR UsEnausY
[C, C,] fuuazle

H=[1 248161513 9 3 6 12 7 14 11 5 10]

Walduvindvyuadushuniwisualutaausn s H, ainmsimunddiuusivi

Qs 2/

Mgy H, uazuegladie p aul friwualidduudde b uaglv =9



B

H2=be1:9x[1 2 4 8 16 15 13 9 3 6 12 7 14 11 5 10]m0d17

H,=[9 18 36 72 144 135 117 81 27 54 108 63 126 99 45 90]modl7
H,=[9 1 2 4 816 1513 9 3 12 12 7 14 11 3]

[

PNUUAIIATTULAIANS 9 Trdonudwautdmin 1 Tuwnauasusied

H,
bH,
H=| .

b,

° WV aa

dwiuitnmsesnuwuusianlsluleadaiielildauinveaissnaunnluguasidunis
sanwuuwuuiudnenglassabuuasldadaeanslunisduan [15016] iausiinig
sanuuulaglyd One-Coincidence - Sequence (OCS) 1Huisas0enwuulneldlaseadis

=

siamolyleadnLaanidifiaasialiiunsndnsiaasunisaiiissvuindauns 6 July

8 2o

1ne Jen-Fa Huang [16] aausisnishy 3 wuu fie

1. Modified Welch-Costas (MWC) Sequences
af" ™ +pmod p, if 0<m, < p=2,1<n < p-1

y(u,v)= @mod p, if&idt € P=2,nSp (3.14)
pmod p, if m,=p=1,1<n,<p-I1

e p ABAYTILIURNE WaY o e{l.2,..p=-1} woe £€{0,1,2,...p-1}

2. Quadratic Congruential Sequences

y(u,v)=[e(m, +n,)’ +p, +¢,]Jmod p (3.15)
Wo ae{l,2,...p-1} uae m ,n.0 .0 €{0,1,2,... p~1}

3. Shifted Prime (SP) Sequences

y(u,v)=m,n, +@mod p (3.16)
Lﬁ’é] m,n,pc{0,1,2,..,p-1}
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fraeneit 3.2 mseenuuusiiamelsleada (3, 5) Tagld Modified Welch-Costas (MWC)
Sequences WifmupdwnTilwessin 9 laeduusliumindwyuaduiumia p=181,
a=1, f=2, 9=0, m, ={106,69,58},n, ={49,7,87,142,169} 1ne) m_uaz n il
11NNSEUAT INENMS (3.14) vmsduaniisavEndasiadeuni3aiunnumi wu
Fumie?t w=0,v=0 2¢ld 1(0,0) = 20 mod 181 = 93 ¥uiinnsumis viedign

= 1 s

WS NDRSIVFDUNIS A= AGaT

193) I1(18) I(47) I(161) X(149)
H=| I(33) 1(129) I() 1(98) I(12)
1(153)  K(88) 1(89) K(43) I(105)

lag I(x) Aeumindlendnwainiidendeyaluniawan x ass

ghatheil 33 - mssenuuusiamelaleeda (3, 5) Taeld Quadratic Congruential
Sequences Wil muadm1ssiwesin 9  lnedmualiiuvindvyuaausunds p =31,
a=1, =2, ¢,=0, ¢,=0, m, ={18,14,15} uay n ={23,11,25,24,17} log m,
way n, lufitiannisguer 9nauns (3.15) vhnmsdaiaumsndnsiaasuniiniunn

AUV 19U Fumdedl w =0,y =0 3¢5 p(0,0) =[1(18 4 23)> +0 +0]mod 31 = 7 vuis

£
ad w

Nneuie aglalunindnsavasunisasisil

1(7)  I(4) I20) I1(28) I(16)
H=|15) 16) I2) K18 1(0)
1(18) 1(25) I(19) I(2) I®)

faensdl 3.4 mseenuuusianelslenda (3, 5) Ingnisesnuuudedd  Shifted  Prime
(SP) Sequences TiiuupmTlneseng q laeivualiunindwyuadusums p =31,
=0, m, ={0,1,3} waz n, ={0,1,2,5,8} 08 m, wae n lFu1an [16] Faduddudivh
Thiss 8 snmtwhmsAnasmans?i (3.16) Wy fuvisd u = 0,v=0 azla
$(0,0) =[(0x0)+0]mod31=0  uszvmsewindusumdivdonamnasldamsng

ﬂﬂs"éd = 1 i U g
ATIVADUNIIRVUVUIALATILNIAY 8 AU

1(0) I(0) I(0) I0) L0)
H=10) I1) I2) I5) 18
10) I3) I6) I(15) I(24)
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£l 0w

Pnmag1nlawaniSnseanuuuaziiulaimwisdiwmesididalunisesnuuuie

<

s

aRUMLAYYRY m, waz n, lngdrnuiialaunsanimuaatieasliamindnsiaasu

WISAas1aAssrUIeLINnI 6 lealensldsanasiulunisaurmiisenitaunislomalnuile

(Cycle-governing  equations %38 CEG) wazunanuillaaguaisnsvasdiduimiaaiioasng

@

YUINVBUATSWNAU 6, 8, 10 way 12 LwiﬁaﬁLﬁiﬁﬁlﬁ%%@@ﬂuamﬁﬁﬂLLaxsummaq
VSNV UASURWIAL
] Y1 aa ) = Al ey v a o v av v
zulainiSnnseanwuusiakaannslneldlassasemelelendadusianlasuy
rudvuiasiidnidelalaueTBnnseenuuulivateguuuy edidesanduieeniuuheuas
wnnzaulunisiiluadieensawas anndilanaruduiiesisnisesnuuuuulaseadig
svamalylondaLaaffidifigsurtdluvingy Salunmainansiuiuuinilyldnanii

FeanunsaruaIRuleanuanine

a

Tudruveednsiswaluniseaniuunasdnssiansessnisualulduaseves

iamelelendaatlivindy psmardasTunisldnusiwsdusgivuunnueaumindiuin

1% a

o g I ar 1 1 v A k5 L
G visetusgfiutayaiisievdwiatayangnidnsia

3.5.4 sWaIsVIAdingAGA

=

L3UAEAYBULIAIIAR (Finite  geometries)  1WuLsvIAdingada (Euclidean

geometries) LaZLIUAMMLGIINWRIE (Projective geometries) [HulaToallaniiuseansnaw
wundamaninldlunsuilusiationain Y. Kou  [171118][19] Rgadlviiiudnsvadia

o e o % aaa =l = oa A v v =
vouwniinautsaiivldlunisesniuusiaueadiduazivszsaniamidnlndng e

= A al

YOULYAYDILTUUBA LB ITN1509ATHAIULT tnesHaLaIHSuNINSHaLeanNTLsUALe

aaad -3 =

veuLIndNe (Finite. geometry LDPC) juUluuvatsiaueadidngnasisluainivain

Y

lngwnilweslunmsadamindnsvasunisalagldisnadagadainualinanie 3.1

A13197 3.1 milweslunisesnuuusiaisvndngadn

A8 (length) n=2%—-1
Sunden e n—k=3-1
Minimum distance d.=2"+1
Row weight p=2
Column weight y=27

PnwsEmesikanduned 3.1 FBnsesnuuusialeafiduuuisnndingaan

fafnatnaalul



a0

FRE1N 3.5 MIIDNLUU EG(2,2°)uu GF(2%) anmaegied 2.1 Tuund 2
Awagaviain =16 90 uiaziduuszneumen 4 9a WeRansu GF(2Y) fwquw
Aefu (Primitive polynomial) Ay 1+ X+ X*uu GF(2) fwualy o Juddwudss

fu (Primitive element) 989 GF(2*) wasimuald B =ao’
GF(2)={0,8°=1,8=a’,f* =a"
PNNANNST (2.6) wavauniss (2.5) Tuundi 2 agld

L[) ={ﬁ1a}={09asa6sa“}
L={+Ba}={,a",a"?, a"}
LetldiFpay =6 o .a’)

L3 ={aw +ﬂ]a}:{a8,a7’alﬁ,al4}

'
=

Tirwamiduitliiugamiie Gaafidndu “0”) Jevduiovue 15 u wielidniswis
& ¥ Y = ° a Loy as - Y o 1o ¥ a1

Weniduiie U Lazyhnslenda (Cyclio) Bnsewdenidu 1 idulaglideniduiioguu
gaiuile @ ndregwliiden Z, Wewniiyn “0” egludu) a1nen L, 8y L, ludiegedl
deoniduiieguugn o't fie L seanuubingiwmiwes “17 luuadusnveauvisng
MIIREDUNIIR Wy L, ={a’,a’,a® e} fsanenidstiawes o Aeduilluns
fuwmises “17 lagliievmdaindwes a vandie 1 duluazlevand 8,9,11 uay 15 Tu
unwusniiandu “1* daumwdnduqlifandu <07 snduliideuteyaluunausalunsnid

ar 1 Assluuminassuiaargaringauasududuitm 15 dy liunindnsivseu

ad o

W3RAgUN 3.2 Tnggaunuen “17 Tuwvdng

YU
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14 - e o L) o =
. ® L] [

16
0

L L . s L
2 4 6 8 10 12 14 18
nz = 60

U7 3.2 uindaraseuniinveeniuulaslnswaitesiasuinrdngadn

3.5.5 SUELSUIAMATININRNY

=

shaLsTIREaTInIMaTe  (Projective Geomety) (Wumsldvdnnisnnindinenans

&
aaa v s =

Tunmseenuuusiaueaifi@medsnisiagivuegn 2 galugasusiu F8msiigniauslee

1
=2

Y. Kou [171[18][19] @wegluunmnndeifiufusiaisvndnyadn tnsamnsifimeaslums
afawnsndasaaeunisalagldisuiadia@snwaigiwvusldsannsei 3.2

AM5199 3.2 WITALRDST MNISANLUUSHALSVIAIALTIN TN

A"LE17 (length) Ao YT

FUUTAN5H n—k=3+1

58889AEA (Minimum distance) | dy =27 +2

ﬁwﬁ'ﬂ 1 Tunuaueu (Row weight) p=2"+1

dmidn 1 Tukwaas (Column weight) | 7 =2° +1

MNWAResNRanslURIIN 3.2 F5MT0eNLUUSHALIARNTLUULSUIASIALTIN TN

fafraeeralul

PIBENY 3.6 NT0BNULUY PG(2,2°)Uu GF(64) 1ndeg1en 2.2 Tuundi 2
A n=21 90 oy o Wunuinves GF(64) W f=a? uariladtos

GF(2*)={0,1, 8, 5} tduiri1uyn 2 90 589131990 () woz (o) fdgasuluduiendiu
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Aell {(a),(@M),(2"),(@"),(@®)} \Dugaimusveudu PG(2,2%) wdsantiulivinnism
duiruganuauazasliiduiomn 1 @y wieldisnslendin exldluvsndnsinasy

7

W3RRgUN 3.3 Tnggaunuen “1” Tuving

Y

Mother H-matrix

L] L] e e [}
2 e [ ® e o

20- ° *® ® ® -
® L] ® e .

0 2 4 6 8 10 12 14 16 18 20 22
nz =105

=

JUN 3.3 wisndnageumniineenuuulaglasiasnssiaissiadaidsninane

3.5.6 saudanlisuysaliuvauga

sWaudonldauysaluuvanga (Balance Incomplete Block Design) saidanlngeie
71 Tledf (BIBD) [201[21] dwmsunseenuuuimindnsivaeunidilaslinissenwuuuden
Wiauysaluuuangalurdeiiduiimssenuuvan (21 TeifiSnsey 2 wwu Bendn
pananila (Class 1) wag panaaed (Class 1) Ingswanisoonuuuudenliauysaiivuauga
AANENTA (BIBD Class-) Wuniseonuuuiivuin 1 luwndsdieuh 4 ve j=4 lae3dms
lun1seenuuuasshnsmiumisfieanshumisves <17 Tundnusn anduasdeudeyn

-

nnvdnuin 1 lWdwandald leersideuteyanifiazaisluusasudnaunsuuden Tagly 1

&

=] = o (%)
UANABLNNINYR

Qs

137 (Square matrix) viefifowvindnsaaeunisiwuulondn sl
panuUUMeSNsiananduudendaly Tnensvsuvdsiionnsiumiawes <17 Tundn
wsnlviduaeuaunsdwieluld fvueld ¢ Jueeswawduuin uay 12¢+1 Ju
wuswmanely GF12¢+1) = {0,1,....,12¢) Iddundifosty Primitive element) 193

GF (12t +1) Msmuumiadamudilowu o fsaunisi (3.10)

a' -1=a° (3.17)
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o ¢ WuAavAdiuaudiuuin uasAniidesnin 12¢+1 nauwsiin GF126+1) uas
nsfuIsmsuridluudenusnaninsamldainannsf (3.18) wavludiuvesudendugm
Tdnaunsi (3.19)

Bi’o — {a—m’aZi,a2i+4f’a2I+Sr} (318)

dlo 0<i<t

Bj,j :{j+a%’j+a2i’j+a2r+4!=‘j+a2i+8t} (319)

Taeft 0< <12

08197 3.7 MuuA 7 =6 agld 12¢+1=(12x6)+1=73Faduavsuavians faiuqe
oy GF(73) ={0,1,2,...,72} - 9nUwiinsmuinma auay-¢ 31naunsi (3.17) agldl
A @ =5uay ¢=33 AeNUEiMSATUIMAINITIIEIILE “17 Tundnusnuesuden

wsnlneldaunisi (3.18) lneudenusnagli i=0 2wl B, ={0,7",a*"**,a***} uay
wiurn a=5 Wld B, ={0,15%,5"} uazilesmnnsesnuuuyihvu GF(73) fnduagld
By, ={0,1,8,64} emasumiinisan ‘17 lundnusnesufonusnuda bivihaaeisnns

REINUTANASUTILIUAILAILIY ¢ YN TEYiInISAIUIMAILIAIAINISITRILALS “17

Tundndnlunuaiunsi (3.19) Wermaume By, ={1,2,9,65), B,, =1{2,3,10,66} ..
By, ={72,0,7,63}nuanu viseauisoesuielalasnafenisinunianisang <17 luwdn

o oA & = 1 w e =3 L] P
wshanduideudeyaaiiazaislunandnglu sukuuvesudsnisnaaguil 3.4

40
nz = 292

JUT 3.4 uEndnsiadeun3iivdenuanvessiaudeniauysaluuvaunanand |
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Ao

0 50 100 150 200 250 300
nz = 1752

JUT 3.5 wvindaviadeumiafieenuuulnglaswasnsiaudenliauysaluuvaunanand |

samseenuuuudenliauysaluvvaugaranades  (BBD  Classl)  funmseenuuui
awuald dnidn 1 Tulwndadlauin 5 v5e j =35 Famseenuuuasmilouiuiu sl

Class- BIBD fafviualyt ¢ Wuardiuawdiuuin usagls 20 +1 Wuavduauanie
a''-1=¢g° (3.20)

W ¢ WuAuarAduiuduuin wazanddosnin 20641 anaunuinin GFQRO0r+1) uay
o o I @ 9/ o 1 <@ P
s uiduudanisnanunsaniliainaunisi (3.21) uarludiuaesudenduqm

laanaunisn (3.22)

o 2i 2i+4t 2i+8¢ 2i+12t 2i+16t
(I T, 3

; 1%t »a (3.21)

We 0<i<t
2i+4t 2i+8.'}

B =j+e s et i+ a2 o (3.22)

Toedl 0< j <200

Fa0enedl 3.8 mwuald t=5 agld 206+1=(12x5)+1=61 Ferilaluavrdviuaniy
PNTUAMNIUIAT @ uay ¢ NaUNIsh (3.20) 10 @=2uwaz c=74 uaganaunsn
321) 4 B =Win”d",0”u™ WazANAUNITT (322) &

3 32 42 44 76
B, ={a’,a”,a",a",a”},
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AN

U 10 20 30 40 0 e 70 8 % 10

JUN 3.6 Wvindnsivasuniivasnusnvessidudenliauysaluuvaunanana I
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3.5.7 2an9sNUND

AINEIIVBIIIT DU UNSINUNULL DS AR LN T IR DAUSSAULUDINITODASTIE

aaa 4 o

weaAngilodnuIuseulunsnen ALY fesulud 2001 X. Y. Hu [22] Ssldduaue

danesfiulumsasuensinuiuesielninenveslefatuunnangayinivilealaglddsw
o % i o a L3 I a:g q' =

laraaiiss (Local girth) vesusiavlvundydnval 1 dusspsmefidufigalunisifiunienn

Tnuadgdnuallag  IWuazndudrdeluundydnwalify  3NLHUAINLEAINNTIEUNIIAIN

b5 =

v W o v = v | = a
Tnuadeydnuallugun 3.8 wandbiudaniseenadumadieliliiiss mndsfuaianinng

= ala

yergasllszAunuInlssaunislansaissilassdauinuinaiy lnedanesiuisd (PEG
algorithm) 9zfAne Y asnadudananinuadyanualil 1 Wddwuadydnuwalil n Fan1sasie
wiudeslunsasassuuarsavihiiinlaneaissfiuiniian 5n1sadiauvingnsivgounisn

ausaauluswnsulaeadl
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el

danasnuns’

fori = 0ton-1do
fork = 0tod, -1do

if k=0
& aao = o v P
\denlmuanTaasunddtuiuanisluunifidesdign

else
Mnsueeienuanluizagaunsenialie depth 9 ( udn
Wmsdenlyunsiaaeuiieglu depth #1 ( @zvhliAnla
ABALNTSIUA 2(( +2))
e Tugausne AMsvengiaiuanaglalanunsaluia
nnluaasgeulufiidlnfenlvusnsivasuiivenslylits

qn‘l’ 1o YV oa a

(unsaidaglivhiifnlanealfiss)

end

end
end
Level/

ol

JUT 3.8 unun muansnIsidunsininuadydnual
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JUT 3.9 LvindnsaagaumisinesnuuulnelaswEsnwesdane

3.6 NSSVALALROATAALULITLDAAND
AssaLeafiidvilfaInnIsEIusngnds G a1nuvsndesivgeunisn H

TngAsiaaasalUuIwIATY (Partition) lanaannish (3.23)

c=[b:m] (3.23)

lng m AadeAnudunwndaun 1xk waz b Aedawi3filaun 1x (n—k) uazniualng

a « Py | ad vy =
Lﬂ».W]iﬂ‘lf@]i?'ﬂa@ﬁwqimﬂ']ﬂ.l"]'iﬂLLUﬁWqﬂ‘Uu‘Lﬂﬂ\ialJﬂqiw (3.24)

H=[H,:H,] (3.24)

1
ar & =i =4 v =

o H, fawuvinddniafiauan (n—k)x(n=k) Uaz H, Asamindavasuiudduuin

kx(n—k) uaranaunis cH' = 09zle
[b:m][H,:H,] =0 (3.25)

unuAdy
bH, +mH, =0 (3.26)
azla
b=mP (3.27)
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&

lng P luiilfie uvindduusedns (Coefficient matrix) windeanudunwlagililagud

= @

Wunagldrudusiusussyiindduseavisad
PH +H,=0 (3.28)
warldnsnddudseansaunisauans
P=HH;' (3.29)
Fafuamindinuinldaunnsdu
G=[P:L]=[HH"L] (3.30)

@

TnenSNSHavaIsVaLeaRRT Taun1seall

c=mG (3.31)

& o =

f8E1991 3.9 IDNNTATIRUNINGNLIAINAINBINSNGHTIVFOUNSH

A lnaningnsiaaeuniiana i
NDN\GL, Ld¥ad) 0 0]
1 TEAYNYY L QD
Ho|0aob 0 1 130 0 ‘oA
L0, 1 0°°1 "0 L0 4" 1
01T 101101 0]

nsuElnaELNSndgns1asuNIsARA Y



s TN s B~ S s T e =)

& | SV Pt e
_— O = O

= [,

1101
1 010
01 01
0110
a0 11
1100
1 00 1
1110
0011
01 11
o H=[H, :H,] 2¢l#
101G -17,0 ]
BRO_Y Al
HA==L 00 1V s =
B2l W/ Dy 1
e ien ] / 04 .
% mH, = u Mnaun1s? (3.17) Kt
e C N9
0]
(5 BNV, b, [0 NN/ 1
0.1 1 01
1.0 1 1 0]

INEUNITI9UY Idaunisn1svatedwls il

b,+b +b,=u,
by+b,+b, =u
b+b,+b,=u,
b,+b,+b, =u,

b+b,+b,=u,

— YOS

U

— e O - O

U,

= g [N

U,
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$MNNSLAAUNNT

by =u, +u; +u,

bl

U+, + U,

b, =u,+u +u,

b,

U+,

b, =u,+u +u,

U

glusUnsndanadl

U

[u]H;" awnsadeulie

b=

P
L9

0

0

1

1

0 0

b=[u]| 1l

0/, 0

1

T =g"0

1]

1

0

1

1

0
1

1

1 001

b, 090
00 1
|

1
1

1[0 0

1

0 0

1

0 0 0 O

1

0 0 0

0

00 01O

0000 1]

10

1

1

-1
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HJ

wAnsndilaliann G =[HH;" :1,] Aamsndinuidadsil

1100110000
0111001000
G=|1 011000100
1010100010
0010110000 1]

VndunisdeuAmgnAesesmEndiuila lneduusnimsvaaesdouteninubumm m

Weyhnsiisialasumindinia auydld m=[1-0.0 0 1] axldehsimdu

W8 2611 ONNO 0
001 ZPLIR0——+ O\) 0
c=mG={I 0 0.0 1Jf1 01 1.0 0 01 0 0
1 70\ T A1 00
O \§ PN 0 0

G\ 0/ 1680 1\ =D 11750}

nda ¢ WWumsdhsfalessuy Aefifindeaaduny m uazdensivaey b dsaunis

1 (3.22) azlarswadu c=[b:m] HAZNINTIVABUANUNABIAINANMST cH

L'1 010
1 LA 1
031 1
0T 1 0 1
; 1 6.1 10
cH=[1001010001]11001
1 00 11
1 1100
001 11
01 1 1 0

cH' =[0 0 0 0 0]
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N cH’ Teiildidunnmesaud uanrhumindiudaiimundagndasanunsailuldly
nsgUIuMsisiald annssuiumsdisiadeiansananlasaiiessifausafidwuy
sine o Alsinanisluuarluideneunihi awnseaguanududeulunisqusewinaaving

0 a w a a as o LY ] v -
mMitanuinteyadunn O() waridmsitisiaialanimisned 3.3

A15197 3.3 AnududeulunisnisinsianaznisiisaLuusivedlaseasesiaweania

Taseasne AMNTUTOU AsEnsaLuusa

sWaa sy, danesiiy | O(n?) laidl

W93

AR LIIUUY O(n) 1435n159849 Richardson [23]

UFuuse widamalgrsasanuazIasuInty
WSS9

wasuedingadn, | O(m-k)k) T 9sis3anesiuuidoudiil

LUAALEAINRAE astleungu

svarielelunda, O((n-k)k) 14933 Cyclic shift register-adder-

‘iﬁauﬁaﬂlﬂauuﬁfﬁ accumulator

wuvauga

Tuehwrssnsnansiiavessiaueadiid Jeguanauvusetu Fesznaulude
danaIniuea iUl

3.6.1 9ANDINAULUUITINNAAN

windnTaaeuwsAansanandieluguiuuveinsan s (Bipartite

v
=

graph) “3ansunuLues (Tanner graph) Tngusazuarluuvsndnaaaun Sauansliidiu
feaun1snsiseunsn A iuuwesTlesusnudiiudunsd s AR ULV N g TIndeY
Wi3H anunsathussynaldsuiudanesiuuuusiunaga (Sum-product algorithm) #3e
nsrvIuMIdsiuAdeiy (Belief propagation algorithm)  luvudun1eseninglviun
nyavdounaslundydnuains ey fuguil 310 Teelvuassieaey C, el

v

ANUFUNUS AL

MV +V,+v, =0 (3.32)
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Twuans9gaau

Ci C2 C3 Cq Cs

ofclolorcoXoRoXcXONT

Iundayanual

JUT 3.10 m3detuaagsiiuannnuanTisdeuludilwundaydnwal

b | I n) ot LY =
Togangnasannluuanivdey C, lWailvundgydnualv, ausuil 5 wazaunse

v

=

Awnaumldindeyanigndninuadydneel v, v, uae v, Wilnuaesiaaauc, Idan

U U

r27(1)= P(V7 =13C2 lyi)
=P(v, =1Ly +ve+ v, +v, =0| )

= Py + v, =11y)

=0, 0= 2, 58,QEP.s(1 - paX15 ) F

puﬁ(i_pvl)(l_pv5)+pv1pv5pv6

1 N
NN @2y
2 2D (3.33)

2

mnhaziiungnasnivunasisaeuludilnusdaydnualdoulieglususialuldsl

11
0)=2-3 [T (1-24,) (3.34)

ieC\i

() =1-7,(0) (3.35)
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Tnuansaagau
Cq Cy C3 Cyq Cs
»
\
A
AY
A%
\
qs4 \
X
\
\
\
A\
Inundgyanwal

JU# 3.11 nrsdsihumuveiiundydnvalluduunnsiaaeu

a

Toyafigndaninlvuadrydneal v, lWdilvuansavaeu C, musui. 3.11 awnsn

k2

Auamldeindeyaignasaninuansisaey C, luddwundydnual v, amuauduiusles

U

i

¢

9734(0): P(C4 =09I/; |yi)

=Ko (-B) [T » (3.36)

Je{c5}

a; =4 I A o &4 = i d 1 o o o
lagdl K, AorAsivinli g,, (0) + g, (1) =1 39031 ez duiignasaininundaysnualluss

Inupnsavaevanansafiauliogluguiinlulasid

3,0 =K;(1=-P)[] r..(0) (3.37)
Jevi\j
a,\)=KL ] r:Q® (3.38)
Jeb\j

o 3 o

logh P, Aeanuhasdundydnwal i dawiiu 1 Tunsdlvestesdymiasuniunuudn

P, wlgann

(3.39)
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ajUlunaunensiamedanasiuiuusiunage

1.

AunAIAuLezdy q,j(l)ﬁgﬂehmniwumﬁ’ﬁgﬁﬂ@mﬂlﬂé’dwummwaau PINFgYRY e
Plasy v logifli fianrinful, 2,..., n Taemldanaunisi (3.37) wazamtiesdy q,(0)
RNANNST (3.38)

AMuiuamiasdur, nluiansivgeuynivue  lWUdinundgydnwalainaunisi

(3.34) uag (3.35)
Usulgern g, Ingldaunsit (3.37) uae (3.38) ieldlunsiuseursinsaensiadaly

Awnrgendiovinslunisnensiavesusasln i suwndedl 1 Sslniin duaunns
Aarelull

0.(0)=K,(-B)[]7,(0) (3.40)
0= K@) W (3.41)

Tnel K, Aorasdnils 0.(0)+ 0 (1) =1

snduladaanamnlisu y, sae

JWTE Y 1R, 40

¢'= @) (3.42)
0, L(0)<0

3.6.2 dana3fiunuuiensauNaga

nszuUANTRBRTiELVUTINEARN Tl lilesurudenwninag Wesanly

nszuIunsIzUszaovlumglaeiinmednsgaududiuaunin - ilinisasegunsel

NOATHEANINENIALISTLAIIUFUL D WU UNLTINNIAIULAD IS AN VRIS ULanaT Salaiins

Usegnaldrnfennifiusssuufiwidiediudsenisaensia Soni danesiuuuuiensay

Nafd (Logarithmic sum-product algorithm) lnsazdisnudnsiaiuanuuiagiduuuuden
(Log Likelihood Ratios: LLRs) Aasialuil

Prig =0| 3
L(c)=log| ————% 43
() og(Pr(q =0|y,J (3.43)
L(r,) = log(f’i@J (3.44)
r, (1)

q,(0)
£l hps| £002 (3.45)
(g,) og[ % (l)J
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LQ)= log[g((l))J (3.46)

4
o

See
EfD.
P

annaviuligiulu e wazaunsil (3.34) Yimsuny r,(0)e 1-r,(1)

1-2r,) =[] (1-24,) (3.47)

ieC;\i

NANUAUNUS tanh{zlog[p" D=p0 -p=1-2p et

D

anhGL(r ) Htanh( L(q,j] (3.48)

ieC i

C\

L(r,)=2tanh™ [H [ L(g,) )] (3.49)

W L(g,) =a,B, el a, = sign L(g,)] 4az B, = L(q,)]

V7 s (H%}ztanh-‘ [ I tanh( ]J (3.50)
= [ I aﬁJQtanh‘l log™' 1og[ I T tanh G B, ]J

i€C N ieC)\i

(3.51)

= [ IT aUJhanh‘l log” > log [ta_nh G B, J]

r'eCJ \i r'eCj\z‘

(3.52)

favunle g(x) = - log[tanh(x/2)] = log(e* +1) ((e* —1) was ¢(x) = ¢~ () A x>0 sty

snsehunuisluuuudeniigndsnivuansisaeuludlnusdydnualde

L(r,) =[H%][¢{Z ¢(ﬂ,j)U (3.53)
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sndruauuezluiuvdeniignadwnivundydnwalludilvuanaaeumidlaenisii
aunsil (3.37) wnsdae (3.38) Fearldeauntsi (3.54)

L(g)=L(c)+ Y L(r;) (3.50)

el \j

wagvhmsidsueanslewinaveanisnensiavesusazdnlveglusy

L(Q)=L(c)+ ) L(r) (3.55)
doduladailasuse
1, L(@) <0

a;ﬂﬂgumauaaﬂiﬁaﬁaaé’am‘%ﬁmwuﬁaﬂsmwa@m

1. fuamesideriufignawiniiuadydneailusuunnsiaseuaindyanadilasu ¥,
Toed i fldwvindu 1,2, Tnemldanaunisi (3.43)

2. Aumemaudety L(r;) figndsantnunnsaaeunninuslusTnundadnuallagld

Aunsi (3.53)
3. Uudgeen Lg,) Iaeldaunsi (3.54) weldlunisuseusesnisnensiiadnld

MwinAganiiavinplun1sneasaves awetan 1 fedad 7 dwaunsi (3.55)
5. dinduladygnilasu y saeaunisi (3.56)

3.6.3 2aNINULUUHATINAER
NITUIUMINBATHALUUNATINNERA (Min-sum algorithm) 1Hunisananududion
7] = = U o 1 i A
asndanesfiuuuvdensiunanm lagldmsussnmumvessnadumthanduiuugent

gnasanlnunnss aesuludlwundayanual feaunis

[Te ¢ 26(8)||~ [1a (‘?{gﬁ(r&lr\lﬁf]D

ieC\i ieC;\i ieC\i

H o, |min f3 ' (3.57)

;eC ¥ rEC A
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aaa

Tuunilldnaniaiuguvessiaueafifiduazedurelasiairauasisniseanwuuiite
a5 UVINgNSIAUNSALUNUUAE 9 181833 Faweazulassadnng o Tunisesnuuuld
sall lassadesiaensdnivunumindiendnualuazvdndiuiiviedusmindvyuady
Auvde Tassafesiaeisisduuuuivundusiaiiuiuugsremnansiasnsdiiialile

Aad @ aaa o ' - 9] o 2 & v o
ansInugnavulagsaweadng Junuuldesdl Tassadrssiamelylerdadulaseadredi
v a aa = LY 2/ s [ A::" or i =
UNIYELEUDISNNTNLUUNININELarTneRssassulunstnsiaisdsldna i luund 2 Tu
nmsihluaisendausnunidanulavgugsluniseeniuudnastarising 4 n1sesnuuy
vildnlenisinuaumingnyuadusunis uaviedisnsiesnwuulfiAssuinnds 6 (fiu
adod «:l' 1 1 ad Vo 1 (7 %) di & a:in' :’e’ 1
wnsnunaulannniniSnisletisswindu 6 Tumswanwdielvlaaussousfis sy winis
spnuuuAS ieaunsonseuAgunisaiimiagnonsIsiaiuaneaty Tassasreswa
sadinveulvasiialuswaiioenuuuuuiugiundneansuaulunsidnaiunsana

[ = s = = Lv] =Y - [~ v o %
sonlu 2 Uszlan Ae svalsuadngaiiauazsiasuipdandinimate [Jusianilaseada
2, @ a = ' 5 = = P ] W v ¢ &
L‘UuswalsuﬂaﬂuasmsagmqmqﬂwqqLLaa:m%immimiuiuﬂﬁﬂ‘szqﬂmﬂlmﬂumiﬂLmu,m
NN s lUlgnulidialuduvesdngsia nanfesidalsanadinuauluns iaaiuise

° ) PV ' o v Al e g v =
panuuudmMIugns1sviaeng 1 lalduin TassadnesviatledMmdulassadresioanwuuain
NuguANaransesuadItaniruadmn 1 lunuassaningu 4 was 5 uaziliiss
wiiu 6 uaglassadseanesiviisdilulassasisuuuguiiieai s lldidssndvunnlngd

aussaugiAaualivngdmiunslszgadldaussadesanndulassaiiuuugu an
lnssadaamuanlananliluunil §3dedonlassadsideelulordamossnuuulnldifss
uguazaoaduisnisesnwuuielifudousiuniaiansofieanwuusesiuiusnsisieasn

e 9 Medsarlavnaueluundaly
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A5N1598NLUULUNINTATIVEDUNISALASHANISNAADS

uniiuaniinsesnuuumindasraeuniivesnuided  netuaueiinis
aaﬂLLUULuw%ﬂ%mmaauwﬁﬁimaeaﬂLLUUMuﬁugwumaqsﬁ’amalenlﬁméﬂimaﬁl,w%nq?mgu
adusiumis TunseenuuuizusnastiiaueiinisesnuuumvisngnsI9aaUNISATUSIARN
qU 4 uaziBmsiiaeseziausiBnisesnuuumindnsideuniianuseaingy 6 e
afufssiifluualngndwiewhdu 8 ennsiEusdsnisesnuuuhaesIaLEaasnTg
WiguiisuUseansanvesiinsieassuvunasisuiisufuizniseenuuuiuning
9I9AOUNISATTIENMsDenMUUT 3 panuuuluyssn A fundondeadaty Wy sid

& @ & U @ = I u’; aa
asd,  sdeusduuUUTUYSE uazsandelalendaluguuuusie  uenainduitang

2
ada o Qs

senuuuitldinausaihnisuSoufeufugUuuumM e NLUURINENIRsFOUN TS REMS

sWauearfidlunuusng  flldifeonuuululssianieaiuiildnanudaluuni 3 e
wandliiiufsseuiiisudsedniawisn senuuuem3ndnsideunisave suisedini
Useingaigdla loglunisuedevagvihnmsnaaesuutasdyanandideulaziuSoudiaum
NANANA WU 8nI1UnRAWAI® (Bit Error Rate: BER), ansuWsudawats (Frame Error Rate:

FER) Aadnsndayay1edsuniu E, / N, (SNR)

= =

4.1 nseanuuusidmeluleniauaannidlaeusidAaingy 4

TBnseenuuusiaeanfidnedBasi 241251261 asfmuaravEndvy
afuiwniaduamindiinmdeudeyellnanmaumindiondnveiivuadusnuay
w1 (Prime Number) Wobiliiifngy 4 arglulsmindmsiaaounn seaunsi (3.1) uas
Tassasdlunsesnuuvamindnmaaeunisilassadadudesiuivaunisi (3.3) Tne
farusls 1 lufitne Lw%m?muaé’uﬁmmmﬁL?}'auiﬁmmwmmw%ﬂeﬁmﬂé’ﬂwaﬁ 1 pdq
a fe aw‘%ﬂsﬁm;uaé'uﬁ%mﬁqﬁl,ﬁ"aulﬂmasmmﬂmw%n%mné’mwzﬂ a ads, b #e wvisng
wyuaduiusiaeulumeinsanumindiondneal b ady, 7 detudn 1 Tuwuads
meluavindwiiwaH, kAovwin 1 luummeneluwmindwiisiee H uay p A
yweesivindvyuadusumiiivunaduasdnauane lumsesnuuuldlaennsm
vuardaws a uas b laefienddwuddediduinnd 1 wastesninavesuvsng
NYUATUAUMU p 9130 1<a,b<p

mMsidonAdausiunwiseddunsunsnlunisesnuuuldadineansiSeningau

139127 (Geometric sequence) lngndamaniifie duiiay lneusavineuinisen
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L3

iy dvvresdiudsdnsdiuvesamndnaesiiegniuludduidudnsifiliidugud

8/
=

lnsdnwuzddguasasusuadafonadinluasiiuiuvseanasiiasivinga feaunisi (4.1)
a,=ar" (4.1)

W a, fe WAL 7 VOIEWULIVINER, ¢ Ao wausnvesEwUsIAGR,  AD SSEY
1 = = o w o o a sl [J o o =
W Uay n e awndndiaun  neesdwulsnagn  lagdSnsAunamndiwuaandn

faR78819N 4.1

shesnad 4.1 19 a =lr=2Uag n= 10 97naunsi (@.1) 2l
a=4{1,2,4,8,16,32,64,128,256,512}

navuswatsnbuldluanuveundiia dflddesinsueglasenly
flad7isainll Falunisesnuuusiaueaiidifsremunuysndwuadusums 91
fregneil 4.1 mndvuslivunsssavinduyuadusunisdehiu 31 fafueildan

fog199 4.1 desnserinluy GEG1) axla

Agran =11,2,4,8,16,32,64,128,256,512} mod 31

Agran =11.2,4,8,16,1,2,4,8,16} ﬁﬂﬂﬁagﬁﬁﬂaq”luﬁqs 0 &4 30 Wi

2
aw o

Tunseenuuunindnsigaauniatugudseddmualfums ndnyuaduiunisdduusdag
uaadsadiFnlumsmyuvesamindvyuaduiuvsligdn Sduaile a,,. ., awlivde

aunAnuies 5 AN AU g, ={1,2,4,8,16}

Pneged 4.1 DS nsmaundneesndamusinruinesdaundnilsiuiuwinla

aaa o al

ieldlumsmun A BB UR UNSAS LUV NN T19a80UNNSH TUNTRRNLUUS R I A MYy
SNIIVEANANEINNTOLEINANUADALUUA LA E NS UBRIIUS @ way b adraumSndwiSiasa

]
=

laraudnandne uadmiudnsngaunsedsnasianigaunndnfuiardomirdaiuudi

' '
1 Saa !

ANNEAULADANNBRLUUATA ']‘Ifl‘l.JﬂﬁENll.lLﬂﬂﬂ’]‘i“ﬁﬂﬂq‘da‘ﬂLLG]ﬁ”LLﬂ'J’?.I@Qﬂ']LZLI‘V]‘Jﬂ“fWIﬂJuﬂﬁU

9

4

I

mwua wszanihviingy 4 Fulusyuu mamenfvanzauyldlnenslaraduusnng

q

faust 2§84 p-1 adlUuagminAdauudlaldandnasuynd inrsandaiegneeluil
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frathedl 4.2 nseenuuusvamelslsndaueaiiiid S5 0.9, v 1 luuuneg j
wihtu 3, dwin 1 Tuuwuey & wiiu 3 wagvuAvINgVuasURIuIY p iy 31
BsidenArdamudivildanmethadauuiiug 2 §1 p-1 Wevnamildwaiifaudn
AsunAn WU By 2 aginsendids # Tay nildeaud 0<n< p—1 uas
ﬁwﬁlﬁmﬂmﬁaﬂﬁwﬁ'ﬂﬁ’ﬁwm'ﬁua@hﬁaam p Wty 31 agldrenvesdiuse q
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Abstract Bit Pattern Media Recording (BPMR) is the modern HDD recording technique which can
overcome the constraint of conventional technique by offering tremendous areal density. However,
narrow track of BPMR can cause noise generating from inter-track interference (ITI) and In.
inter-symbol interference (ISI). One traditional technique used to improve BER of the system is the
introducing of error control coding. In this paper, we investigate concatenate code applied to BPMR.
We proposed inner code with low-density parity-check (LDPC) and Reed-Solomon (RS) codes as
outer code. The obtained simulation results confirmed to us that the concatenated coding scheme
yielded better performance compared with the single LDPC code deployment.

Introduction

Nowadays, usage of internet and digital communication has growth continuity. This is also one of
the major drive for digital storage needs. Hard disk is the most widely used for such the kind of digital
storages. A conventional HDD system is composed of recording plate which is coated with a thin film
of magnetic (magnetic grain). The size of magnetic grain is in nanometer scale, and each grain is in
disordered direction. In order to write data into disk, the recording head needs to control magnetic
grain in either perpendicular or longitudinal direction respected to the recording media. An alternative
technique to achieve tremendous areal density is to reduce the size of magnetic grain. However,
reducing the magnetic grain can cause unstable data in storage and thermal fluctuation. The external
heat may effect magnetic characteristic changing. The data bit might change to opposite direction.
This phenomenon called super-paramagnetic limit [1].

The new technologies that challenge the conventional one; such as Perpendicular Magnetic
Recording (PMR), Heat Assisted Magnetic Recording (HAMR) [2], Bit Patterned Magnetic
Recording (BPMR) [3], and Two Dimensional Magnetics Recording (TDMR) [4] are now drawing
high interest. Those technologies, the capacity of more than 1 Tb/in® can be possible. BPMR is
expected to achieve areal density up to 1-4 Tb/in® by storing one bit per cell into a single-domain
rectangular magnetic island of the nano-meter scale. Researches in recording media have been
developed greatly by various techniques such as nanolithography, self-assembly, electron beam
lithography and Nano-imprint lithography, etc.

Recently, the areal density at 1 Tb/in” has been accomplished via the use of magnetic island. It is
already brought to practical applications [5]. BPMR has many advantages such as minimize noise
during transition, nonlinear bit shift, ease of data recovery, and facilitate on servo system tracking, etc.
Nonetheless, BPMR is still encounter with read channel problem due the reduction of size and shape
of the magnetic island. The read back signal may also be influenced by pulse response and the
occurrence linear superposition effect between main track and adjacent track called inter-track

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
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interference (IT1). If the distance between island even closer together it may generate inter-symbol
interference (ISI) accordingly. Both effects can cause etror of data and performance degradation of
BPMR during read back process.

Improving BER of the HDD system with the deployment of error control code is commonly
known. Reed Solomon code has been used intensively from the very beginning of HDD development
to some years after 2000. Since the re-discovery of LDPC code in late 1990, such codes had been
applied to HDD system and gradually replace Reed Solomon code. Either Reed Solomon code or
LDPC code, only one coding scheme is used and concatenation of codes is not yet found in the
published literatures.

In this paper, we propose an error correction coding scheme to correct the error of read back data.
We will examine a BPMR channel with areal density of 2 Tb/in® and 2.5 Tb/in’. A single reading head
and partial response maximum likelihood (PMRL) is the environment used. At the receiver, 1-D
target and 1-D equalizer with decoder soft-input soft-output (SISO) detector are used. Within SISO
detector, the soft output viterbi algorithm (SOVA) and SISO decoder with Low Density Parity Check
Code (LDPC) are deployed. An extra error correction code, Reed Solomon Code (RS), is added to the
system. Basically those 2 coded are concatenated. The performance of the system is measured in term
of bit error rate (BER) and sector error rate (SER) versus signal to noise ratio (SNR). The obtained
results can clarify to us the benefit of using RS-LDPC concatenated code.

Channel Model

In BPMR, the change of magnetic islands characteristics which are uniformly distributed on
the media, is influenced by the 2-D pulse response. Relevent parameters to model the BPMR channel
are given by [6] and [7], where the 2-D Gaussian pulse response H(x,z) is written as

1 2 2
H(x,z):Aexp{—E(%+%J}, (1)

The coefficients of a channel, H(D), can be obtained by sampling (1) at bit period (7%) and the track
pitch (7). Given here: A = 1 is amplitude of a 2-D pulse response, w,= W:/2.5348, w.= W./2.5348,
where W, is an along-track PW50, and #z is an cross-track PW50 repectively. ‘As described by [6],
the areal density of BPMR is limited by 7 and 7. according to the given below equation;

Area density = T./T, bit/sq.inch 2)

BPMR channel with RS-LDPC concatenated code is illustrated in Fig. 1. A binary input
sequence 4, ,, €{0,1} is grouped to match the symbol size and encoded with a RS encoder. The

output sequence b, , €1{0,1} is subsequently encoded by a LDPC encoder. An RS encoder can be
bypassed in the case that only LDPC code is required. Then the signal u, , {1} is to be recorded
into the media where H,,(D) denotes the channel of the m-th track. The read back signal be written as

Vo=, Bty 1Y 3)

i

Here hi)’s are the coefficient of 2-D channel response. D is an unit delay operator, and # is
AWGN with zero mean and variance. In this system, we assume that the system has synchronized
perfectly and the media characteristic is uniform without TMR effect. Target G(D) and Equalizer
F(D) shown in Fig. 1 are generalized partial response targets (GPR) as described in [8].
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Thebequalized sequence x; is then fed to a turbo equalizer, which iteratively exchanges soft
information between the SOVA equalizer and the LPDC decoder implemented based on a message
passing algorithm with 3 internal iterations. A RS decoder is of neccessary just in the case of code
concatenated scheme.

U [gs |baTIDRE e e
™ encoder ™| encoder | ™ H(D) Equalizer
Yi X, > B a
%ol RS | BlTiDPC ] %o 2h Loee | % (GRS d
™ encoder encoder A, U(D ) F(D) SOVA | decoder [ decoder
4, [ Rrs | bu[orc |tu
encoder encoder H\(D)
Target
d, €
G(D)

Fig. I' A BPMR channel model with 1-D equalizer and 1-D target design

Error Correcting Code

Low Density Parity Check Code

LDPC codes are linear block codes which are define by a sparse parity check matrix, where the
weights of the columns and the rows are far smaller than the size of its located columns and rows. The
parity check matrix I of a QC-LDPC code can be constructed as given by (4) below.

R B - 5 I I

(4)

(o i .
it O
=
Q

o
—
=]
P
&
-
=3
=
e
=

00\ WL\ P ... a5 FoL

*pk

Where 2< j <k < pand [is an identity matrix (pxp) and « isa position permuted matrix (pxp).
An example of matrices fand « is given herewith in (5).

L T Fa. o0 010 .0
010 ..0 mAafle D
I=/0 0t .70 oa=/0 0 00 (3)
000 ..1 100 ..0
p<p pxp

For parity check matrix design, for the sake of simplicity, we employed the technique described in

[5].
Reed Solomon Code

Reed-Solomon codes are non-binary cyclic codes with symbols made up of m-bit sequences,
where m is any positive integer having a value greater than 2. R-S (», k) codes on m-bit symbols exist
for all » and . Where k is the number of data symbols being encoded, and # is the total number of
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code symbols in the encoded block. By adding 2¢ check symbols to the data, then an RS codes can
detect any combination of error bits up to 2¢ erroneous symbols, or correct up to ¢ symbols. The
maximum codeword length (n) is n=2" -1, where m is a symbol size.

Experiment Setup

From BPMR channel shown in Fig.1, we define areal density as 2Tb/in®> and 2.5Tb/in’ in
equation (1) then the coefficients of a channel H(D) can be computed as [6], [7]

2.11x10*  0.0503 0.3124 0.0503 2.11x10*
H(D),,,..=| 1.08x10* 0.1612 1  0.1612 1.08x10™ 6)
2.11x10* _0.05030.3124 0.0503  2.11x10"

2.54x10°  0.0238 0.2336 0.0238 2.54x10%
1.08x10*0.1021 1 0.1021. - 1.08x10™ (7)
2.54x10°  0.0238 0.2336 0.0238 2.54x10°

H(D)

2Thlin®

The data in a sector is set to 4,075 bits. The target and equalize are defined similar in [7]. A
block size of 3,586 bits is encoded with a LDPC encoder of an irregular (4, 25) with a code rate of
0.88. Similarly, a block size of 3423 bits is encoded with irregular (3, 25) LDPC encoder at a code rate
0f 0.84. For the concatenate coding scheme, we use an irregular (4, 25) LDPC code with a code rate of
0.88. It is combined with shortened RS code in GF(2°) with code rate of 0.95 and minimum distance
is 10. As a result, the actual code rate is 0.84.

Simulation Results

Fig. 2 and Fig. 3 show the bit error rate and sector error rate performance of various codes; i.e.
LDPC code with the rate of 0.88, rate of 0.84 and the concatenated code with the rate of 0.84.
Obviously seen in BER:- LDPC with code rate of 0.84 is better than a concatenated code. Surprisingly
when we look into SER, it is founded that the concatenated code is better. The LDPC code with rate of
0.88 is the most poorest compared to others

We all know that RS code cannot do anything if the number of errors excesses its capability
(10 symbols, in this case). In such a situation, the presence of RS code has no meaning. However, the
situation is improved if the number of errors is less than 10 symbols per block. This is why the SER
can be made better.
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Fig. 3 Sector error rate performances
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Conclusion

In this paper we have reported the performance evaluation of BPMR channel with and without
concatenate code. By using the RS-LDPC concatenated code the sector error rate (SER) can be
improved with a slight deteriorated in bit error rate (BER). SER can be the most desirable result since
we can verify entire sector instead of number of error bits. Even though only single bit went wrong in
same sector, the whole sector will be discarded. Therefore, the use of concatenated code in the ECC
system with BPMR channel is superior compared to a conventional method that only RS code or
LDPC code is used. Another bright side of the presence of RS code in the RS-LDPC concatenated
code is that the burst error correcting can be made ideal. On the dim side, a concatenated code may
require an additional processing step that can be a drawback for some implementation. This trade off
should be considered case by case according to the actual requirement.
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Abstract. In LDPC code, the structure of code’s parity check matrix plays the crucial role in code
performance. In this paper proposes the preliminary investigation of a designed parity check matrix
from Tanner. We modify this technique in to non binary LDPC structure and decoding with
FFT-SPA. We take into high code rate application more than 0.8. The result has shown that in bit
error rate (BER) compare between non-binary LDPC and binary LDPC. In our tesults, the
performance of non binary LDPC has better than binary LDPC.

Introduction

Low Density Parity Check (LDPC) code was firstly invented by Gallager in 1962 [1]. This is a kind of
linear block code which the parity checks matrix H has a low density of non-zero entries and these
iterative decoding codes. The LDPC code has been widely adopted in area of error correcting code
especially in digital communication such as WLAN and magnetic recording, etc. The LDPC codes
over the Galois field of order ¢ are non-binary LDPC (NB-LDPC) codes. This class of code was first
investigated by Davey and MacKay in 1998 [2] and modify for reduce complexity decoder in fast
Fourier transform by Barnaul and Declercq [3] and Song and Cruz [4]. There are many researches
attend for various designs of parity check matrix. The most common use and high performance
technique is Quasi-cyclic. This technique establishes by define the sub matrix in parity check matrix.
The defined sub matrix called permutation matrix which is the identity matrix that the information bit
was shifted to the right hand side. Based on circular permutation matrices, Tanner etc. [5], and
Fossorier [6] proposed a design of parity check matrix by employed a class of algebraically structured
quasi-cyclic. Timakul et al. [7] investigated Tanner method for parity check matrix H in binary LDPC
for high code rate. Authors in [7] achieved bit error rate (BER) by 107 at signal to noise ratio (SNR)
4.5 dB by employing the binary LDPC decoding in AWGN channel.

This paper we propose an error correction coding scheme to correct the error in high rate
application, and it is the extension of work in [7] by modifying a parity check matrix H for non binary
LDPC. The sequence and modulo were defined elements in a circulant permutation matrices. The
result is bit error rate (BER)_ by comparing the binary code and non binary LDPC. The rest of paper is
organized as follows. We briefly introduce about decoding of non binary LDPC in next section II. The
construction of parity check matrix for high code rate. In section III, we explain how the experimental
is organized. In section IV, the performance outcome is shown. Finally, we conclude our achievement
in section V.

The FFT for the Decoding of Non-Binary LDPC

A generalized sum-product algorithm (SPA) for decoding Q-ary LDPC codes called the Q-array SPA
(QSPA) can reduce decoding complexity based on fast Fourier transforms (FFT). The combined
procedure is also called FFT-QSPA. Although the FFT-QSPA reduces the computational complexity,

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 161.246.29.127-04/02/15,06:21:26)
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it has introduced another quite complicated operation such as permutation that relates to
multiplications over GF(g). The FFT-SPA LDPC process is summarized in the following steps [8];

X

Initial Step: Quantities the probability of variable node: are initialized by A
Horizontal Step: Find the probability that parity check: which fast Fourier transforms

@) =F7 | ] F(gm )

n'eN, /n
(€]
Vertical Step: Find the new probability of variable node: ¢,
qmn (x) = ﬁmnf;:nx H rm'n (JC),
m'eM, /m
)
yi— 1
Y TR
x meM,\m
3)
Tentative decoding: Find the new codeword: C,
G- = arg max P H 7 €
menN,
4)
Syndrome check:
Hee0
)

If syndrome is zero, stop the decoding and get valid codeword, otherwise the algorithm repeats
equation (1) to (5) until maximum number of iterations.

Construction of Non-Binary LDPC codes

In this section, we present a method for the parity check matrix H design. This structure can be
represented by

a (a*bymod p (2*b* )mod p (7B ymod p
P P P e P
P(n*r)modp P(ﬁ‘b‘c)modp P(rz*b2 “c)modp P(:t*b"l‘f)mndp
= (a*c?)mod (a*b*c? Ymod (a*b?*c?)mod (@b *c*)mod
P(ﬂ*c'”)mudp P(n"b"r’"1 ymod p P(a‘.’;tz"c""1 ymodp l:;,(n*b"1 #ok=1 ymod p

- pipk
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The number a,b and ¢ in equation (6) are bounded within modulo permutation size p. Let GF(g) be
a finite field with g elements. We define & in equation (7) are non-zero elements in GF(g) while
e {1:--~r€—1} .

Experiment

To evaluate the effectiveness on the design of parity check matrix, we employed AWGN as reference
channel model. The performance will be compared between binary LDPC which designed by [5] and
non-binary LDPC over GF(256). The variable parameters for evaluation are defined in Table 1.

Table 1. The design parameter

Type Galois filed | Row weigh | Column weigh | Code Maximum Code length
(d,) (d.) rate iteration (bits)
Binary GF(2) 4 40 0.9 20 4,120
LDPC
Non-binary | GF(256) 2 18 0.8888 20 4,176
LDPC

Simulation Results

The obtained result is shown in figure 1 where the bit error rate (BER) performance is illustrated. In
figure 1, the performance of non binary LDPC provides better binary LDPC performance.

Bit Error Rate

BER

(15 PO S I

-| — = Binary LDPC

~ .| —= Non Binary LDPC | -

=, 7 ey == |- Rl el R
£ q 7

2 25 3
Eb/No (dB)

Fig. 1 Bit error rate performance
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Conclusion

In this paper we have proposed a parity check matrix H design of a non binary LDPC code. The
method modified technique cyclic shifting from binary LDPC. The main task is to design the first row
sub-matrices. The subsequent rows are basically the shifted version of the previous row. This method
can ensure the absence of cycle-4. From the experiment at high code rate, our proposed scheme by
employing non binary ldpc with GF(256) can achieve performance better than binary LDPC. This
cause of non binary decoding employed symbol correction whereas the binary LDPC using bit
instead.
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